9 



This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 

ILLEGIBLE TEXT ; 

I 

SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



a- 



(12) 



UK Patent Application .»,GB ,,1,2320660 n,.A 



(43) Date of A Publication 24.06.1998 



(21) Application No 9fi26bM % 

(22) Date of Filing 20 12 19M 



(71) Applicant(s) 

DSC Telecom LP 

(Incorporated in U&A 

1000 Coit Ro*d. 
United Ststeft ol 

(72) Inventor(s) 

Martin LyMihe 

Paul Fredrick St>i^>«> 

(74) Agent and/or A^m* 
D Young A Co 
21 New Fetter Lantt iC 
United Kmg^otm 



tCAA IDA* 



(51) INTCL^ 

H04J 13/00 11/00 

(52) UKCL(Ed'ition P) 

H4M ME 

H4L LIXjXLIHIO 

(56) Documents Cited 
GB 2301744 A 
WO 96/37066 A1 



GB 2267627 A 
US S414728 A 



EP 0633676 A2 



(58) Field of Search 

UK CL (Edition O) H4K KYF ^ H4L LDG LOM . H4M ME 
XHT CL^ H04J 4/00 11/00 13/00 13/02 13/04 , H04L 
23/02 , H04Q 7/28 
ONUNE > WPI 



(54) Processing data tri 
subscriber terminal ol a < 



i¥ed over a wireless link connecting a central terminal and a 
-lication system 



(57) A controller 
*m* orthogonal code« uwo u> t 
116 for combining a Oat* •mm- 
overlay code from a Mt r 
arranged to appV av««\#« 
links nnay be lrarYsmrfn#ci •» 
reception controller arx3 rM«#*%.*f w 



I code generator 112 for providing an orthogonal code from a set of 
r ontK>gonat channels within a single frequency channel a first encoder 
1-^5 cwttiogpnal code, an overlay code generator 113 for providing an 
^ roaea which are orthogonal to each other and a second encoder 111 
data item, whereby 'n' data items pertaining to different wireless 
w^hin the same orthogonal channel. The invention also provides a 
K»%sing data items transmitted and received over a wireless link. 




I I 



(XlWOUniOKAL 
ENCOOCR 



113 



OVEntAYCOOE 
QENERATOn 



OWCRHEAO 
IKS£RTION 



108 



R-I/2. K-7 

— 7" 

no 







112^, 


RW CODE 






CCNCRATOR 






PN cooe 




114^ 


GENERATOR 





126 
|vco^ 



ANItNKA 
142-^^ 



140 



<1 




134 



<] 



132 



130 

_jL_ 



FIG. 7 A 



124 



SYNTHESIZER 



128 



122 



MODULATOR 



UfXCR 



116 







D/A 







120 



IPf 



CO 

ro 
o 



> 

BNSDOCID: <GB 2320660A_I_> 



1/19 




BNSDOCID: <GB 2320660A_L> 




' , - , • 

i * 


66 


68 


70 


74 


72 


t : 


s 




S ■ 




■ / 


FIG. 3 A 

/ 


RFU 


AN 


MC 


TU 


"SC - 



•-55 



46 



42 



47 



BNSDOCID: <GB 2320660A_L> 



3 /IS 



i, ! 



o 

rs. 



2281.75- 
2278.25-- 
2274.75- 
2271 :25-^ 
2257.75- 
2264.25- 
•2250.75- 
2257:25- 
2253.75- 
2250.25- 
22'46;'75- 
224^25 -4 

2239.75- 
2236.25- 
2232.-75- 
2229:25- 
2225.75- 
2222.25- 
2218.75- 
2215.25- 
2211.75 — 
2208.25 — 
2204.75 — 



Csi 
II 

O 



2106.75-- 
2103.25" 
2099.75- 
2095.25- 
2092.75- 
2089.25- 
2085.75- 
2082.25- 
2078.75- 
2075.25- 
2071.75- 
2068.25- 
2054.75^ 
2.061.25- 
2057:75-^ 
2054.25- 
2050.75- 
2047.25- 



2043.75- 
2040.25- 
2035.75- 
2033.25- 
2029.75- 



F12 
Fll 

Fio 

F9 

F6 
F5 
F4 
F3 
F2 
F1 



to 

,0 



o 



JO 



o 



F12 
Fii 

FIO 
F9 
F3 
F7 

'F6'. 

F5. 

F4, 

F3 

F2: 

F1 



o ^ 



CD 



CD 
H 



BNSDOCID: <GB , _2320660A_I„> 




BNSDOCIO: <GB 2320660A i > 



5/19 




BMSCKDCrO: <GB 2320660A I > 



7/19 




BNSDOCIDkGB 2320660A_ I > 




BNSWDCID: <GB 2320660A_L> 




BNSDOCID. <GB 2320660A_!_> 



10/19 



u-> O VO O 
tr» 



OL 



< 

O 
O 



$ ! 



5 
a: 



J3 
C 





- 




.o ^ 1 


i 

a: 




'O *^ ! 




O - 


RWI 2 


O 


o <^ 


a c^* 




O 




o ^ 


RWn 


... «o 


O 




O - ' 




O \ 


RWK 


On . 


O r4 


• 


o - ■ 




O V 




- O o- 1 


1 


— ' ■- < 

O <^ 1 


' 1 






to 

$ 


1 — ^ 


O CM . 1 




- ■ 1 




O 1 


IT 


■ On. 1 


: O 




o ^ 




o • 


i 

c; 


on 


O <N 




o - 




O ^ 


1 


O n 


O 




1 O - 




! . o 1 


5 

ir 


1 ' O n 1 


\ O 




\ O-- i 




O V 1 




on j 


c 


C 




1 ■ O - 




1 o 


s 


i O n 


c; 


; O 




! c - 




i . o ^ ^ 




i O n 


q: 


O 




! O - 



I 



I 

c 



CD 
H 



5 
a: 







_i 












t 

! ^ 






^ t ^ 








;z 




U- 






. n 
■ ^ 








J— 








• It 








n 












iZ 






1 










1- 


■V 


>- 


1— 


u. 


u: 








rvi 


n 
















n 








n 
















u_ 








n 
















iZ 








<n 






i 












lZ 






n 




*T 




hi- 


Il 




U. 


ll. 


tZ 










i 








Fl 






^' 








5l 


i 


I- 






u. 






iZ 




rvi 






>— 




!| 


li 


iZ 


! iZ 


! Ll. 














; o4 


! Q 






i? 








tZ 


1=1 



BNSCXDCID: <GB 2320660A_I_> 



ii/19 




FIG. 10 



BNSDOCID: <GB 2320660A_L> 



^2/19 




20 











^202 




RCVR 




CS 




PC 






XMTR 


^204 


SUBSCRIBER TERMINAL 



208 

/ 

USER 1 



USER 2 
210 



FIG. 11 



CODE SEQUENCE 

7 

215 



212 

+ DOWNLINK 



219 




OVERLAY ^ 

CODE 

217 



0 



•218 



FRAME 
INFORMATION 



FIG. 12 



BNSOOCID: <GB 2320660A_I_> 



13/19 



O 



I 



1 Q 



1 \ 



CO 

o 



CM 

Q 



Q i: 



O 



B4 




in 

CVJ 


84 






84 






CO 


; 


CO 
13 
-O 


CM . 




o 


CO v- 






83 






83 


i 


5us 


CO 
CD 






HO 






82 






CM 

CD ... 






CM 

m 






B2 






5 




J ^ ... 






CO 
-LO 






s. 






Si 






HO 







CO 



H 



X'' 

o 



i I 



CO 



CQ 



i-. •■ 



CO 



X 

O 



CM 
CO 



CM 
CO 



CM; 
CO 



CM 
CO 



CO 



CO 



CO 



CO 



i X 

;o 

1= 







- 


CD 












CD 












CD 












CQ 






^. ■ i 
CVJ > 






Q : 






CO 






£D 






CO 






CQ 






CO 


■'■i 




CQ : 






CO 






CQ 






X 






o 






CVJ 






CQ 






CVJ . 






CQ 






CVJ 






CQ 






CVJ 






CQ 












5 












m 
























m 












S ' 












o 











CO 

in 

CM 



CO 

o 



CO 
3 
LO 



en 



"2 

= H 



CO 
3 

to 

CVJ 



BNSOOCID: <GB 2320660A_I_> 



14/19 



9 

J- V 

O .; 




9 


* 


0MC2 


PMC4 




f 

a 


t 

! 


; .. 




. OMC 




Unused 




CH 




PC2 


PC4 








O : 




■ -1, 


Unused 
























;0 . 

'■?■. 




o 




CS2 


CS4 




Q •-. 


( 

1 


o 




O 




Unused 






a. 












OL - 




Q. 








... 






o 


* 

9 












- 


9 


o . 




■ 




CH. 


CH. 


• 


PC 












CH. 


A- 

- 


- -• 






iMCt 


IMC3 














OMC 






CO 




u 


CJ 


, 






CO 




CO 




CO 

iO ^ 




o 




PC1 


CO 

O 
o. 


• 


SO 




o 




O 




o 

Q. 


i • 










co 
















1 

CO 


\ 

1 , y 
< 

1 




FAW 




CS 


so 




MVd " 




2 








o 






i < 


2 




J 




< 




FAW 



to 
E 



CO 

E 

CO 



CO 

E 

CVJ 



CD 
H 



CO 

E 



CO 

E 

LO 



BNSOOCIO: <GB 2320660A_I.> 



15/19 




BNSDOCID: <GB 2320660A_r_> 



16/19 



O 



o 
o 

OL 

•"55^ 
c- 

o 

_o 



O 



O" 

o 

Q- 

c 
c 

6 

o 

1 



a> 

O 

C- 

<D 



O 
I- 
CQ 



O 
< 



O 
I- 

o 
< 



o 

t 



c 

CO c 

O « 

^ <D 

8 £ 



c: c 

CO CO 

o o 



Sz Si: o 



E 

Z3 O 

CO CO 

CO CO 

O <D 

O O 

o o 

<< 



(D 

c 
c 

CO 



c/> O 
CD Q- 



O 



11 n n n n n 

□ D_ < < CD Q- 



BNSDCCIO:<GB 2320660A_I > 



17/19 




BNSDOCID: <GB 2320660A_I_> 



18/19 




BNSDOCID: <GB 2320660A_I_> 



■f , ■ 



19/19 



10 



58 



405 



Service 
ppmairi 
Cohtroiler 



400 




CT 



420 



RADIO 
SUB- 
SYSTEM 



A2B 



MESSAGE 
DEG0DER ^ 



/I 



435 



r 



450: 



455 



430 




10 



CT 



440 



^5 



CHANNEL 
SELECTION 
CONTROLLER 



>k >k A >k 




445 



CALL 
CONTROL 



336 



FIG.. ISBi 



BNSDOCID: <GB 23a0660A._l > 



2320660 

1 

PROrRSSfNG DATA TRANSMTTTPn AND RF rF.IVF.D OVF.R A WIRELESS 
T TNTC rONN-RCTING A TPNTRAT. T FRMTNAI. AND A SUBSCRIBER 
TFRMTNAT. OF A WTRFi.HSf ; TFT FrOMMUNICATIONS SYSTEM 

Field of the Invention . l^s - 

The present invention relates ift general to wireless telecommunications systems 
and more particularly to techniques for processing data transmitted and received over 
a wireless link connecting a central terminal and a subscriber lerminal of a wireless 
telecommunications system. 
Background of the Invention 

A wireless teiecommunications system has been proposed in which a 
geographical area is divided in to cells, each cell having one or more central terminals 
(CTs) for communicating over wireless links with a number of subscriber terminals 
(STs) in the cell. These wireless links are established over predetermined frequency 
channels, a frequency channel typically consisting of one frequency for uplink signals 
from a subscriber terminal to the central terminal, and another frequency for downlink 
signals from the central terminal to the subscriber terminal. 

Due to bandwidth constraints, it is -not practical for each individual subscriber 
terminal to have its own diedic^ted frequency channel for communicating with the 
central terminal. Hence, 'techniques' need to be applied to enable data items relating 
to different wireless links to be passed over the same frequency channel without 
interfering with each other. In current wireless telecommunications systems, this can 
be achieved through the uise of a JCode Division Multiple Access* (CDMA) technique. 
Orie way to irhplemeni CDMA is through the application of a set of orthogonal codes 
to the data items to be transmitted on a particular ! frequency channel, data items 
telatihg to i'different wireless lin being combined with different orthogonal codes 
from the seti A suitable set of orthogonal codes is a "Rademacher- Walsh" (RW) set 
of sixteen 16-bit codes. Orthogonal codes have the property that, when perfectly 
aligned, all codes cross-correlate to zero, thus making it possible to decode a signal 
to which one orthogonal code has been applied while cancelling interference from 



■ 2 

' ' signals to which (different orthogonial codes have been applied: ' ^ 

Signals tb which ari^orthogdnal code has been applied can be considered as 
Being transmitted over a correspbndirig bithoigSna^^ a particular 

frequency channel: Hencb, considering the example of ^ set of 16 RW codes, 16 
■ ' 5^ orthogonal chai^nels can* be created-wrthiri a single frequency channel, and hence up 
to' sixteeri separate comriiuhicatidn signals (con-e^pbhding' to sixteen s^ wireless 
links) can be transmitted simultaneously over the singlfe frequen'cy cha^ if different 
codcs-iite applied to each comr^ r v • ^ 

' ' It is known lb provide a niimberb^^^ 

10 ' and for each modein shelf to employ a different frequiency chanriel/^H^^ if a central 
' tertninal Was four modem s^^^ iand the set of 16 R\V codes is employed for each 
■ ' tfeqbency chanhelV ori^^^ 

^ up to 60 subscriber tennihaU simuItaViebusly:^ ' 'vcr, 

' > c Hbwever, as 'more -^subscribe^^^ 

15 hctwoirk, it is becomin^^desirable to s^ 
" each central terminal. There aire only a limited numbdr of frequcncy^^ that can 

be' allocated to the wireless tclecommunieaHoh^^^ systfem^ and 3^^s it -is desirable for 
neighbouring cells to use different freqUeriby- channels so as tOTeduce interference, the 
demand cahnot be mef by merely adding- 'm to each central 

' " " 2Q: ' ' terminal. ^- ' ■ ^■ '"^ ^- ' ' .^v;:. -s-... r^. -r. 

"'^ Summary of the' Ihycn^ion ' " ' ^^-^^-^ ^ ^--'^'^J r 

■ ' ' • ^ According to the present invemio^^ 

for processing data items to be transmitted over a wireless link conhecting a central 
terminal and a subscriber teirinirial of a a single 

' 25 ' frequency channel being employed for transmitting data itcrtis pertaining to a plurality 
of wireless links, the transmission controIleV cbmpris;i code generator 

- ' " ' for providing an orthogonal code from a set of 'm' brthogonal codes used to create 'm' 
orthogbiial chahneis within the single fre'cjuency channel; a firsf encoder for combining 
a data item to be tranisfTiittied on the- single frequency charin^^^ orthogonal 
30 code frbm the orthogonal code gcheratbr,*^ the ofthogbniat^^c^ the 
orthbgoWal channel' over- which the data item is iransmittedv vf hereby data items 
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pertaining to different, w^ireless links, may. be ,tran^ within 
^different orthogonal channels of said single frequency ,chaiinel; an overlay code 
generator Jpr providing an overlay code from ^ first set pf.'n' overlay codes which are 
. orthogonal to each other; anfl a second, encoder, arraqged to apply the overlay code 
, 5 from -the overlay code generator to said.data item, whereby 'n' data items pertaining 
to different wireless -links may, be tr3nsmitted simultaneously .within the same 
orthogonal .channel.... : - - . ; v:r , a j,- \ ' ..i' ^ ' : ■ ' 

Viewed from- a, second aspect, the present invention provide^ a reception 
.controller for, processing data items received oyer, a ^wireless ^link connecting a central 
^ 10 terminal and a subscriber tem;iinal of a wireless telecomnriunications system.. a single 
frequency channel being employed for transmitting data items pertaining to a plurality 
f : of wireless links, the receiver cpntroller comprising: an orthogonal code generator for 
providing an orthogonal code frpni a set oL'm] orthogonal codes used, to create 'm' 
5 , < orthogonal channels within the single frequency channel; a first decoder for applying, 
;: ;15 ;.to signals received on the single frequency channel, the orthogonal code provided by 
, i .the Orthogonal code generator, in order tOvisplale data items. transmitted within the 
* - vr / corresponding orthogonal channel; an overlay, code generator for providing an overlay 
-code, from, a first s^t pf/ii' overlay, cpdes ;Which are orthpgonal to each, other, the set 
_ ; . of 'nV overlay codes enabling ^n' data items pertaining, to different wireless links to be 
20 transmitted simultaneously within the same orthogonal channel; and.a second decoder 
for applying, to the data items of the orthogonal charinel, the overlay, code from the 
overlay code generator so as .to isolate .a. particular , data item transmitted using that 
overlay code, ■ r > . .-^ ■;.*;r:;.:.: ■ ,; •■■ \ ... .: 

'i r . : i By using.overlay codes.in addition to the.knowji set of orthogonal codes, it is 
; ;25 ,. possible, for selected ..orthogonal channels to be subdjvided to form additional 
. orthogonal channels. For. example, if . there are originally sixteen orthogonal channels 
, . . v;. and a . set of four overlay iCodes are defined, each orthogonal channel being subject to 
't >* ■ overlay cpdes, then jup to ,64 ^ orthogonal .channels can be defined., application of 
^ : : appropriate orthogonal., codes and. overlay , codes, .up to 6»4 separate communication 
..V.30. . signal^ could.be sent simultaneously on^thc one frequency channel, albeit at a quarter 
„;i of; the rate that the communication signals could be transmitted if the overlay codes 
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ir ': .:v: ; Sueh an.approaeh has ithc advantage that it preserves compatibility with current 
: . .1 .hardwarevand software equipment which use the set of Orthogonal codes, but which 
K do not support the-usciOf overlay codes , By designating certain. orthogonal chamiels 
? ; : as channels - for which overlay; codes are not used, the current equipment can 
} : . . communicate over vthoser channels without any Chan to the 

:..y -equipmentuK':^-;,::v:-:.(' - >ai i^r: f-:r^-"^-:^^'':n • ---^ 'v-'^Cv-'i':/. .: 

^ : ir . _ : In preferred, embodiments, the:oyerlay code generator, is arranged to store one 
: / or more further sets of overlay codes having different numbers of overlay codes to the 
10 first set of overlay ; codes. This enables the orthogonal channels tovbe subdivided 
: : differently, depending on which:set of overlay codes is selected. For instance, if an 
I.. . .orthogonal channel operates at 160kb/s, and a set of four overlay; codes is used to 
r subdivide that orthogonal channel, then four 40kb/s orthogonal channels can be created 
A i -i-h from the one original Oithpgohal: channel. If, alternatively, a set of two overlay codes 
; . ;.il5/ V is oiscd, then two 80kb/s orthogonal channels can be created from the one orthogonal 
< 1 : c channel. This flexibility is useful,; since for some communications, eg:- fax, a rate of 
; :;40kb/s may not be acceptable, .and hcnce^^^ of four overlay codes would not be 

'A-" v suitable;' r, ... ■ ^.'^--iqi:' L' -'X - C i I . ' ' ^* . 

: - : The ^orthogonal code generator and overlay code generator:^ may generate 
20 orthogonal codes and . overlay rcodes ^ori; the fly' using predetermined algorithms. 
f^'- . ' J orthogonal code generator may be provided as a storage 

I > v . arranged to store, the set of orthogonal codes, and the overlay code, generator may be 
;ii;.>^^. provided as a ' Storage arranged: toj^^tore: the set of overlay codes. Appropriate 
- ? ! ^ > r orthogonal codes and overlay codes could, then be read out to the encoders or decoders 
-f.'^ 25 'sas required, n^: - ^ r rr i :w v\-. j ^ ■ *=; • i,-: ■ - .:. 'v-^^.:;.; 

: . < - .: In, preferred^; embodiments, ; the set^'Of .o comprise a set of 

r i Rademaeher-Walsh (RW) codes,: in preferred embodiments: the <sei comprising a 16 

x T6 matrix, of -RW^odes. Euither,. the- codes; arc preferably derived 

from RW codes, each.setlof 'n- . overlay cod n x n matrix 

^-v- -so. ^ of -RW codes, : --ou-:. , ? r . .i-r- : -r.^; ..^ 

; - c ■: . v^The transmission controller In accordance with thd present invention may be 
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provided within the central terminal of a wireless telecommuniGations system. In 
^ " preferred cmtxxJirrients. a first of the orthogonal channels is reserved for the 

transmission of sic^.jIk relating to the- acxjuisition of wireless . links, and the 
transmission cor/:. V r:: provided in.the central terminal to enable overlay codes to 
. 5 be applied to vl^tj ::fms to be sent "within said- first orthogonal channel from the 
central tcrTr.ir^l:'t.*. t«->r rot said -subscriber terminals/ Si a second of the 

orthogonal cr^i-'^ri preferably reserved for the transmission of:SignaIs relating to 
the control ;:j u,: jr :: !>:c transmission controller in the central terminal also enables 
overlay codes i.. K ' K rf^cJ to data items to be sent.within said second orthogonal 
. 10. channcl'fror ■ t%if .rrt- *: Terminal to one.of said subscriber terminals.: 

.1 HoN^e.cr » r.-.^r of said orthogonal channels are designated as traffic 

. channels for it^ t: ir -vr.ion of data.itemS Telating to .communication .content, and in 

. :.:>; .:' prefcncd efr'^v«,r.r^rn-\ encoder is:, provided . within ^the central terminal 

i o r ^ . ^ arranged to iptV^ » .f .:ision multiplexing' (TDM) techniques to data items to be 
' 15 sent over a T^a'f.o .Ki-^l from said central terminal to said subscriber terminals so 
. . .. as:to enable a.; ^ri ^ data items pertaining to different wireless links to be sent 
I ;^ " /i\--within orK c^^^^ ^tJa --iff :c channel during: a: predetermined frame-period. 

The 4 t :)\L\TDM hybrid approach for downlink* traffic channels 

- ■ V \ retains the t>r"ic*>» v . ^ roMA access, ie. interference is. reduced when traffic is 
^^20 ' reduced. onJ A fr i; ta receiver dynamic orange requirements. . 
\ . ' In aJj : -* > t.: i»? an alternative tor having a transmission controller, the 

: central term rul r^iv, compriisc -a reception controller in accordance with the 
^ ; - present inxen--^^ f c her; the central terminal preferably includes channelisation 
means for dctcr?rin:rc *k hicH'-of the orthogonal channels will be subject to overlay 
25 codes, and tor trjm-n/Ting that information to a plurality of subscriber terminals 
vr . within the lelcworrtrr.Uricanons system: This ^ is useful since, for example, certain 
^ orthogonal chanhcU can hence be designated as being. reserved -for communications 

\ 1 ! i with STs that do wc incorporate the features necessary' to supp>ort overlay codes, and 
. ^ , which hericc: require a tull 160kb/s orthogonal channel. 

30 In prefencJ embodiments, the channelisation means also determines, for those 

' ... orthogonal chanr^eK subiec: to overlay codes, which set of overlay codes will apply 
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; ; :to each orthogonal channel. ^This. gives of flexibility jn how. the channels 

; .are used,- since some, can\be, subdivide4 .w^ are not, and. those which are 

.-ri: subdivided can be^subdiyided, differently, to .yield differing nymbers of differing rate 

■ .channclsi:;,\"i>v \' ti. i^v l!.i*i.....;-.u 71 •• i .-. :■. " (r-^ ..-J-'^ 

5 As with the central terminal, a subscriber terminal of .the wireless 

, telec.omjijunicanons systei|v may.,e^ transini^^ipn cpijtfoUer and/or a reception 

y 7 controller in raccprdance; with 1 the, pre iixyentjon.. Unlike t^ terminal, it is 

\ - preferable for the subscriber terminal, to use overlay qodps, fpr.all tj^pes of channels, 
. whether; they be traffic channels pr.ptherwise. On these uplirik trajf^ip. channels, the 
.0 pure. CD^i^^ approach using overlay cojdes eji^^ the need, to time synchronise 

i < STs to a.TPM frame , reference, and .reduces ,the.pe^^^ 

7 thejST;RF''t^nsnMt,chaiiu., J'- ..—^ ■ x^: 

u. :-Viewed from . 9 thild; present, iiivention prpv>^cs a wireless 

telecoininunieations s;ystem cprnprising ,a central terminal, aijd ? P^^I^}^^^, subscriber 
L5: i tenninals, wherein the peritral terininal ppmprises a transmis^ipn^^^c in 
r : accordance:^^w^^^^ iri\iention, and^ at least ojie of the; SM.b^pn terminal 

' • comprises : a -reception controller^ in accordance,. >vith t^ ^^^p^^^^^ invention. 
V Alternatively, or, additionally, v/ithin the, '^ireless ielecpmmunic^tipn^ system, at least 
one of the subscriber terminals may cornprise. a transmissioi}. cpntroller in accordance 
20- . with the f present inveiition, and . the central teripinal .-m^ a ^ reception 

; ■ controller in; accordance.with..the, present: i .i .,., ,. 

Viewed from a fourth- aspect, the ,jpi;esent, invention provides a method of 
processing data items to .be transmitted .over .a wireless link;, connecting a central 
; - terminal and.a subscriber terminal of a wireless tclecpnimunic^tion^ a single 

25 '^frequency channel being employed for^ transmitt ing data iteips pertaining to a -plurality 
of wireless links, the method comprising, the stcps,:pf: proyiding an^^p^ code 
, ■ from:.aset of ^m,! orthpgonal cpdes used to .cr.eate,;m '.orthogonal channels within the 
single frequency channel; combining ^a data item to be,tran?jnitt on the single 
frequency .channel with said ort^ determining the 

30 orthogonal channel over vyhich, the:^data. item is, ,^ran§iTiit.te0,,;W^ .data items 

pertainiiig to different wireless links, may, be, transmitted simultaneously within 
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• different Orthogonal channds '6f said single frcq^^ 

' code from a first set of 'ti* overlay codes which' are orthogonal ito each other; and 
' applying^ the overlay code to' said data it^rh, Whereby 'n' data* items .pertaining to 

different wireless links may be transmitted simultaneously within the same orthogonal 
" 5 'channel. ' ' " ^' ^' M-jr>- r r. .\- 

^ Viewed frc^m'' a ' fifth as^^^^ ^ method of 

processing data items refceived oveV a wireless link connecting a central terminal and 
a siibscriber teraiinal of a wireless telecommunications ^system,^^^ frequency 

* ' 'channel being* employed for transmitting 'data items pertaining to ra plurality of 
10 Wifeless links, the method comprising the steps of: providing an orthogonal code from 

' a set of •'m''orthogoriar codes used to create 'Hi* orthogonal channels within the single 
frequency channel; applying, to signals received on ihe'sihglc frequency channel, the 
" ^ ' orthogonal code in order to isblate data itemis transmitted within the corresponding 
. . : ^ 6rth^gbriarchanhel; providing an Overlay code-from a first set* of 'n' overlay codes 
• ' - '15^^^^' W to each other; the set of '*n' overlay codes enabling 'n' data items 

- " ' • ' ji^rtainin^'to different wireless links to be transmitted ■simultaheously within the same 
^ " " drthbgonal channel;- arid applying, to -the 'data items of the orthogonal- channel, the 

* ' overlay code so as to isolate a particular data item transmitted using that overlay code. 

* * Brief ijfescriptiori of the Drawings - ^ - .r. ■ . . i 

'■ 20 * ' ' An embodiment of the' invention will be described hereinafter, by: way of 
example only, with reference^ to the accompanying drawings in which Jike reference 

* siigns are used for like features'^a^ 

' ' ' Figure 1' is a 'sbherriatic''- overvievt^ of an example = of a wireless 

' . . '' telecommunications s>^^ in which ari'example'of ^hc present invention is included; 
' ■ ' ' ^ ' Figure 2 is a schematic illustration of an'examplc of a 'subscriber terminal of 
' ■ ' * the *t^ ' " ' ^ ' ■ ' • 

' Figure 3 is a schernktic illustration of ah example bf a-central terminal of the 
telecoriimunicatioris System of 'Figure l;'^ . - ^f. • . ? u >} • 
r ..rn^ ... ; . yi^tc is a schematic illustration of a modem shelf of a central terminal of 
' ^ 30 the telecommunications system of Figure 1; ' • ' 

' ''"^ 'Figure 4 "is ah illustration of ' an* example of a frequency plan for the 
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Figures 5 A an J 5B are scheinatic diagrajiis illustrating possible configurations 
for cells for ihc tclc.i'rr.municationS} system of Figure 1; , ; - "V^,-^^' 
. ^ i X - Figure ?4 whcmatie diagram ; illustrating aspects i of a code division 

: x ^5 \ multiplex systcrr !.^r^ ii^clccommunications syster^ of Figure 1;/ 
ir r^:: n ,- : t v FigU'i:c>:i >\ jfrr^:. OB , are^rsehemati illustrating signal transmission 

'Ki: ,ii processing ; St J i^cv^^»r~:^^;^^^^ Figured; . : ^ 

• -r FigurcN v,tS, ;SB->are: . schematic diagrains illustrating i^ignal reception 

• ' . processings iiJV:r;. tf >v ;*^^tclccommunications systern .of R 

rrlO ^ ; i Fjcurc% ^/ A. jn arc diagrams illustEAting the uplink: and downlink; delivery 
V : . - -methods, whc^t^< v^-trrr iSifully joaded; ^ if : v . ^ . 

: Figurci :< w^'; Jrc> f he CDMA channel hierarchy in. a 
; .> embodimenrs <.\! r:vrn:;;irivention; -r:.^ ^^:''-\;vHuo 1^ 

r , 't i , ; FipCrr. Y.^ 1 ' I I 'Vf hematic illustrating ? downlink and uplink 

z v : 15 ;Communic»tK»r p i:> v t- ,^ ;ihc: wireless telecommunicatiojas systern;i;fi v ; 

rv - ' Figure ; J; iv'-i: ^ ^ctrTlaU^ 

. -.transmitted ; r f^_. r--;-^i-; terminal;; .-!^_; f : ■ ^-v^cr?':i^ ^virrfxt'y: v 

, : ; rFrgt^rcs : > \v * ^: I ^B illustrate the structure ofjhe frames of information sent 

; V" .pv^cr the d<n*n! J unkpa^^ j-o ^y- >ji ■ 

20; i . Figurcv V.J v>.14B illustrate the ovjsr^ frarne structure for the downlink 

,:_and uplink- *p^al*'v* ■ " i .^f - ^ -.'v ^ • ^-i ^^m:/'--. 

■■ . , > Ficurcs , ; * r\ i v! : ^li. illustrate typical downlink and .uplink channel structures 
that might o^c jt ir ^^^ vvv^^Urd systemjina^ embodiments of the 

present invention v-^.: 7 > ; .1 

v. ; 25 . ^ . Figure . ho,w, "t are classified in 

: ; preferred cmSxhrncnis t^>f th:e present- invention; • :^ • ; y > 

. r : . ' ^ * /Figure u7 :i*iv>«r3!es, the elernents „used:by the centra^^^ terminal to perform 
t . :■ " interference- 1 im II mc;; ^ ^r-v '-^v^' . ri .^i.' l i-,. ' J;.n 
y . ' ; Figure IS ill uv::ate;S . possible antc^ employed in 

0 30: a wireless telecoT^municaiions system inaccordance. with .the p embodiment 
r^s/r .up : : of the. present •jn^.cnt ion .-and y . - 7,::.- ...-^i ■■.:.r.r - vlO:/''- r 
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Figures 19A and 19B illustrate .how channel swit<:Hirig is facilitated in preferred 
: cmbodinlerits of *the present- inventions • ■ - . a 

Description of Preferred -Embodiment • ^- 

- Figure 1 is ' a ' schematic overview of an example of a wireless 
5 telecommunications systcni: The telecommunications system includes one or more 
* service areas 12, 14 and 16^ eacK'of which is'served by a respective central terminal 

(CT) 10 which establishes^a' radio link-wit^^^ terminals (ST) 20 within the 

area concerned; The ai-ea which is covered by a central terminal 10 can vary. For 
example;'in: a ruirar area- with a low* density of subscribers, a service area 12 could 
•10' -cover an area with a radius of 15-20Km. A service area 14 in an urban environment 
where is there is a high density of subscriber terminals 20 might^ only cover an area 
- ' ' with -a radius of the order of lOOmMn a suburban area with an intermediate density 
of subscriber terminals, a service^ area 16 might cover an area with a radius of the 
t.i.- order- of IKm." It will be ^appreciated that the area covered by a particular central 
15 terminal 10 caii be chosen to suit the local requirements of expected or actual 
:r : . ^^^'r : ^s;ubscTiber density, local ^geo^raphic considerations, etc^ and is not limited to* the 
examples illustrated in Figure 1. Moreover, the coverage need not be, and typically 
.^ x ::. irr vCrill not be circular In ' extent due" to ahteh design considerations, geographical 
factors, buildings and so on, which will affect the distribution of transmitted signals. 
' 20 ' The central ^terminals- 10 fdr respective service are^s 12, 14, 16/ can be 

connected to each other by means of links 13, 15 and 17 which interface, for example, 
' ' with a 'public switched telephone network (PSTN) 18-* The links can include 
cdhvcnfional teleebrnrhunica^^^ copper wires, = optical fibres, 

satellites, microwaves, etc. 
^ w* : :25- ' - The wireless telecommunicatidns system of Figure* 1> is based on providing 
fixed microwave links between subscriber terminals 20 at fixed locations within a 
r^T v>; :servic:e area-(e,gH' 12, 14j l6) and the central terminal 10 for that service area. Each 
subscriber terminal 20 can be provided with a permanent fixed .access link to its 
vr cxntrar-terminar iOf but in pr^fe embodiments demand-based access is provided, 
r. rv.^Qi. sd 'ihat the 'number^ of subscribers which" can be suppo exceeds the number of 
available wireless links. The manner in which demand-based access is implemented 
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: v , Figure 2 illustrates an example of :a configuration for a subscriber terminal 20 
>. - ; Jqr the.leleCGmmunications system, of Figure <1. ,,Figure ,2i includes a schematic 
; : > riepresentatipn of customer premises 22. .A customer radio unit (CRU) 24 is mounted 
5 on the customer's premises. The customer radio unit 24- includes a flat panel anteima 
, Qr the like 23... Thexustp^^^ mounted at-a location on the customer's 

. ; . . premises,i;pr on a mastj etc.^ and-4%an. Q^^ such th^t thc/flat: panel antenna 23 

. fx] : within, the customer radio junit,24: faces: in th of therccntral terminal 10 

} ; : for the seryice^area 4n which the, customer, radip^ unit is located. q 
10 :; ^f The custprner radio unit 24 isxonnected via a dpopjine 28itQ a pow^ 

^ / unit.(PSU) 30, within, the custpmer'Sjpremises. The power supply,unit:30 is connected 
. . - to the Jocal ppwer< supply ;^fpr.prp>^^ the customer radio/unii 24 and a 

, netsyork terminal unit (hniJ} 32.^ is also .connected via the 

power supply unit 30 to the network terminal unit . 32, 3\yhich in turn; is connected to 
15 : ^ telecommunicatipps equipment in the eustomer-s preniises, for example to orlc or more 
. leiephoncs 34, facsimile rnachines^ 3 and cornputers ,33: ] The telecommunications 
: n equipment is represented as being Ayithin a single custpmer's::premises; ^ However, this 
fpe^d not be the case, tf^^^ preferably supports either a single 

or a dual line, so that two ^subscriber lines cpuld be^ by a. single subscriber 

, 20.- terminal 20. The subscriber terminal 20, can also ,be ^arranged tp support analogue and 
. digital telecommunications^ for example :>analog communications . at 16, 32 or 
64kbits/sec or digital communications in accordance with the JSPN BRA standard. 
. i Figure 3 is ^a schenjatic illustration of an example of a central terminal of the 
tclecomrnunications system ofrFigure 1. :T}ie common equipment rack 40 comprises 
, 25 . a nuiiiber of equipment shelveS;42,>4^4, 46, ^inclu^ RF Combine^: ,and power amp 

shelf (RFC) 42, a P^oy/er Supply ,shelf;(PS) 44 and a number pf (in this ;example four) 
Modem; Shelves (MS) 46. ,The RF.cpmbiner^^ shelves 46 

to operate 4n parallcL If ^n^ niodem shelves arc prov^ided, then the RF combiner shelf 
r>. 42 combines and arnplifies4he powcr.of 'n- tra^ismit signals,; eaeji transmit signal being 
30 s ^from a respective pne of ithe ^'n' mpdem shelves,^ and amplifier: and ^splits '.received 
- signals 'n' w,ay so _ that separate, signals may /be passed t modem 
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shelves. The power supply shelf 44 provides a connection to- the local power supply 
and * fusing for ' the various components in the common ' equipment rack 40. A 
bidirectional connection extends ^between the -RF combiner shelf 42 and the main 
central terminal antenna 52, such as an bmnidirectionkl antehnia, mounted on a central 
terminal mast 50. . ^ :: y : 

This example of a central -terriiinal 10 is- connected via a point-to-point 
microwave link to' a location where 'ah' interface to the public switched telephone 
nctwork'18, shown schematically in Figure*!,' is made. 'As mentioned above, other 
types of connections (e.g;, copper wires or optical fibres) can be used to link the 
central' terminal 10 to the public switched telephone network 18. In this exiample the 
"modem shelves are cdrinected-via*Jines^47'^o a microwave terminal (MT) 48. A 
microwave link 49' extends from -the microwave lerininal 48 to a point-to-point 
microwave antenna 54 mounted on the mast 50 for a host connection to the public 
switched telephone network 18. ' • ^ » * ^ - 1 

' A jpersonal 'computer, 'workstation or the like can be provided as a site 
controller (SG) 56 for supporting the^^ehtfal^ The'site controller 56 can 

be roriiiected to each modem shelf of the central tcirminal 10 via, for example, RS232 
connections' 55'."' The site controller 56 can then provide support functions such as the 
localisation of'^^faults, alarms and' s'tatus^ arid- the^^^^^c^ terminal 10. 

A site controller 56 wiir*typieally support a single central terminal 10, although a 
plurality of site contrQllers' 56 could be networked for supporting a plurality of central 
■terminals 10. : , '-i'^' - • ■ 

As an alternative to thc-RS232 coiinebtions' 55, which extend to a site 
controller 56; data coririectidns such as an X;25 links '57 (shown With dashed lines in 
Figure 3)-courd instead be provided froin a pad 228 to a switching node 60 of an 
element manager (EM) 58. Ah'^elemerii manager 58 can support a number of 
distributed central terminals 10 connected by respective connections to the switching 
nocJe 60. • The cilement manager 58 enables' a potentially large number (e.g., up to, or 
more than 1000) of certtral terrhinals 10 to be integrated into a management network. 
The element' manager 58 is based around a powerful workstation" 62 and can include 
a number of computer terminal^ 64 for network engineers and control personnel. 



' ' ' Figure" 3A illustrates vkious of -a' modem shelf -46. A transmit/receive 
'RF Wnit.(RFU ^ for exaiWple implemeiited ori a card in the modem shelf) 66 generates 
the mddiilated transmit RF sigrials at^medium' power levels and recovers and amplifies 
ith^'bascb^hd RF sigharsWr tfie-subsctibcr terminals;. .1^ RF unit 66 is connected to 
an analogue card (AN) 68 whith performs A-D/D^ A conversions, baseband filtering 
arid the vector sutftmatiori bf lS transmitted signals cards (MCs) 70. 

The ^alogue ^uhit 68 is coririfected to fa number of (typically j.1-8) modem cards 70. 
The mbdenl'ti^rids perfomii the baseband signal processing and receive 

signals to/from the subscriberitermihal^ 20. -This -may include 1/2 rate, convolution 
cbdi%and X 16 spreading With "Cbde Division Multiplexed Access" (CDMA) codes 
on the' transmit' signals, and ■synchronisation recovery, de^spreading and error 
cortectioh on the receive sip^^^ modem card> 70 in the present , example has 

two modems, and in preferred embodiments- there are eight modem: cards per shelf, 
sui'd so sixtfe'en'moderiis per shelf. However - in order to incorporate redundancy so that 
a mbdem may be- substituted in a subsciiiber link when a fault occurs,? only 15'modems 
oh a single modem shelf ^6 ifeigieh6rally used. The 16^ used as a 

spare which can be switched ' in ; if a f iiilure ^ofi one of :the pthcD 15: modems occurs. 
The modem cards 70 are coriheeted to the tributary' unit. (TU.) .74' which terminates the 
connection to the host public switched' telephone network- 18 (e.g.;. via one of the lines 
47)ahd handles the sigiiallirig Of telephony information to the iSubscriber terminals via 

one of 15 of the 16 modems. • -S- < - ' " " ■ . / 

:. The wirdess telfeOommuriications between : a 'central , 10 and the 

' sUbscfiber termirials 20 could opierate On various frequencies. Figurei4; illustrates one 
•possible example-of the frequencies which could be used. , In -the-present example, the 
wirclcsis telecoinmuriicatioii systerh is intended to operate, in ithe: l-.5r-2.5GH2 Band. 
In particular the present example'is intended- to operate in the Band defined by ITU-R 
(CCIR)' Recommendation F.701 X2025-211OMH2, 2200.*229QMHz). Figure 4 
illustrates the irequenGies used for the uplink' fromathe subscriber, tenrilnals 20 to the 
central terminal 10 iand for the 'downlink from.thc central tcrriiinaliO to/the subscriber 
terminals 20. It will be-' noted that -12 uplink' and 12 downlink- radio channels of 
3.5MH2-each'are provided centred about 2155MHz: The spacing between the receive 
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and transmit channels exceeds the required minimum spacing. of JOMHz. 

In the present example. e,ach- modem shelf supports 1 -frequency channel (i.e. 
one uplink frequency plus, the corresponding downlink frequency). Currently, in a 
wireless telecommunications system .as .described above, CDMA encoding is used to 
support up to 15 subscriber links on .one, frequency channel (one subscriber link on 
each modem). . Hence, if a central terminal has four nipdem shelves, it can support 60 
(15 X 4) subscriber links (ie... 60 STs can J>c^ connected to one CT)- However, it is 
becoming desirable for more than 60 STsjtp be supported from pnc central terminal, 
and, in preferred embodiments of the present invention, enhancements to the CDMA 
encoding technique are provided to increase the. number of subscriber links that can 
be supported by a central .terminal. „ Both CDMA, encoding, , and the enhancements 
made to the CDMA, encoding in: accordance with, preferred embodiments, will be 
discussed in more detail later.- f ; - ; - . ; . - - 

: Typically,; the radio traffic from a particular central terminal 10 will extend into 
the . area covered by al neighbouring central tcrminaMO. To avoid, or at least to 
reduce interfereiice problems caused by adjoining areas,,only a limited -number of the 
available frequencies .will .be. used by any given central terminal 10. . 

: Figure 5A illustrates one cellular type arrangement, of the .frequencies to 
mitigate intei^ercncc problems .between adjacent central terminals 10. In the 
arrangement illustrated ;in 3 Figure -5 A, the hatch lines* for the cells 76 illustrate a 
frequency set (FS) for the cells. By selecting three frequency sets (e.g., where: FSl 
= Fl, F4, E7, FIO; FS2;=. F2:; F5, F8„ Fl l; ;FS3.=: F3,,F6, F9, F12), and arranging that 
inimediately adjacent cells. do not use.the. sacne frequency set (see, for example, the 
arrangement shown in Figure ^5 A),- it js -ppssiblei . to . provide ari array of fixed 
-^ assignment omnidirectional icells .where .intexference betwe.en nearby cells can be 
• reduced. The transmitter power of each central terrminal 10 is preferably set such that 
ttahsmissions do not .extend f far as^ the nearest cell which js using the same 
: frequency set. Thus, -in ^accordance >vith the arrangement illustrated in Figure 5A, 
each central terminal 10 can use the fqur frequency pairs (for the uplink and downlink, 
respectively) within, its cell, each modem shelf in the central .terminal 10 being 
- associated with a respective RF, channel (channel frequency pair). 



rr:- i .;: ' r Figure SBallustrates a GelJular;t>;Re arr£ingcment emplpying sectored cells to 

mitigate problems between adjacent cen^^al;^.tcf^^ninals^lO.^^^;A^ 5A, the 

I, ^ differentaype of hatch:lincs iji ,Figui;e,5&, illustrate ^i^ffcrpnl frequency sets. As in 
^ ; : Figure, 5 A^ Figure SB represents thrc^^ = Fl, F4, F7, 

: - ; rSv ;, FIO; ^tS2^= F2, .F5, F8, FlU :Howcvcr, in Figure 5B the 

cells are: sectored by cu?ing . a ^s^^ ^ISiWhiph includes three 

; v^:^; . central terminals lO^pne^ for ^ac^ -sectorvSlv; S2, and S3,;.\yi^^h .the transmissions for 
. ,K ; i . each pf jthe/three antral ;:terminal§^l&being:^dii?^ appropriate Rector among 

^ ^ ^i^' -r : S,l,-S2 andS3. TliiS:^nableSvihe numtjer^p 

V 10;, foldi -while. Still prpviding penrianen^ fixed acce^^^ 20. 
* .V- ^Airangeniierus^ SBcan help reduce interference, 

but in order ito^ensure that cells, opcfrating on the same .frequenpy doq^t inadvertently 
r- : ' - decode c;ach others dat% aj;Sexeii ceU- re;peaivpattera is ^usedrsuch that for a cell 
^ : . r,> operating on a given frequency, all , six adjacent cells operating;on th?; same frequency 
\ : 15:;; . are allocated a unique pseudOrTandom>npise, (FN) code; vThe,use,o&^^^ be 
discussed in more detail^lateri^The use of different PN codes prevents nearby cells 
operating on the same frequency from inadvertently decoding each others data. 

As mentioned above, CDMA . techniques can be used .in a fixed assignment 
arrangement (ie. one where each ST is assigned to a particular modem on a modem 
. 20 shelf) to enable each channel frequency to support 15 subscriber links. Figure, 6 gives 
a schematic overview of CDMA encoding and decoding. 
. In order to encode a CDMA signal, base band signals, for example the user 

signals for each respective subscriber link, are enco5l|d at 80-80N into a 
1.60ksymbols/sec baseband signal where each symbol represents 2 data bits (see, for 
25 example the„ signal represented at 81), This signal is then, spread by a factor of 16 
using a spreading rfunction 82-82N to generate signals at <in effective chip rate of 
" . . '2,56Msymbols/sec in 3.5MH2, The spreading function involves applying a PN code 
(that is; specified on a per CT basis) to the signal, and also .applying a Rademacher- 
j rWalsh (RW) code which. ensures that thc^ signals for respective subscriber terminals 
30 ^will be orthogonal .to e^ach, other. Once this spreading functioi? has been applied, the 
signals; for respective ^subscriber links, a^e then combined at step 84 and converted to 
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fadto frequency (RF) to give miiltiplt user channel' signals (e.g. i85) for transmission 
• from the transmitting antenna 86.- ' ^ >: . * : * ? . ' ' . \ ; . 

■ During- transmission, a transrfiitied signal" will be subjeGted-lo interference 

sources 88, including external interferehce'89 and interference from other channels 90. 
5 . Accordingly, by the time the CDMA signal is received .at the -receivirig antenna 91, 
- the multiple user channel signals may bfe distoft^ is represented at 93. 

- * " lifi ordir to discode the signails ^or^a given subscri link from the received 
~ multiple user channel,^ a WalsH correlator 94-94N^us^^^^ the sarrie RW and PN codes 
that were used for the' encoding for" each subscriber' link to- extract a signal (e.g, as 
10 represented iat 95) for the respective received baseband signal 96-96N. It will be 
' noted that the received signal will 'include some residual noise. However, unwanted 
^ ■ ' 'noise can be removed using a low pass filter- and signal processing. " 

I. - in . . .. tfhe key to CDMA is the" application of the RW eodds, these being a 
..'v^» " mathematical set of sequences that have the furictiori of "orthbnormality". Inviother 
15 " wbrds, if any RW code is multiplied by any other RW code, the results are zero. A 
• - - ' ' sct'of 16 RW codes that may be used is iUiistrated-in Table 1 below: - 

^^^-^c?- .,: . ''r^q - ' i^^^'i' r'-'r i^^ i ^^^r-"" i i-'" i"--! ^- 1 i i i i 

- - - Rwi ' r-1^ T -i I'-i " f-l 1 -1^' 1 ^i* i -1 1 -1 
. ■'.-■'20 '^^^ ' " RW2 *i ' i '^r -I -1 1 -r^i ' ^ i"-i -i r ' i -I'-i 

RW3 '1 '-i'-'i""l'' 1 -i -f ' I'^i -i -1 1 -I '^i -1 1 

^-^^ ... '■^■•^ i-t'i ■ .:i -1 -r-^r^^ i -i -i -i -i 

- ■ ' ^- j^'^j^i^ r-^i'^-i^ f'-i'-'i' -i^-i^ 1- -1 -1 1 
- • RW6 ' * " ' r -i ^-I'^i' -1 -1-^ 'r'i -1 -i -i*^-T'-i 1 1 

.0 r2§"- - i'-' 'RW7 ' ' 1 -1 -1 r -r ^i^'i'^-i''^ r^-i'-i r -1 • 1 r ^1 
. . . . p^g-. ■ i-- ii;r:i ^^1'' -1^ 1-- l^-l^^-l ^-^1 ^-r -T— 1 -1 -1 

•■^ ^^'^ y -*RW9*'' " ' " •'"■T -^i-^l^^-^l "^1 -l^-i--i --i^-^^^'-l- 1 -1 1 

- V I ^ r ^ ■ : -f^ij3 '^^ ■ f . i -^.1; ^i'* 1 i -i A -T^ I *^1 -1 -1 1 1 
/^vm;;.;:^ ^RWii * • • ^1 l--l"-r^^l -1^^ 1 .1^-1 -1 'l 1 -1 

'^-30-"' '^^'-'^ iRWi!2- ' ' '-^i 'I'^i r -I' -i^ ^r -i '-i *-^ii -^1-1^ i 1 1 1 
- ' - ^Rwi3 '' ^ '""^ ••'•^i -1' i--i" ^*i^^' i -1-* 1 -1 ■ ' i-'-i^>-i ' iJ'i 1 -1 
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-1 vr . 4 . i -i I'^r -1 1 

The above set.of KW codes? are ortiiogonal codes that allow the multiple user 
' . signals to bc.transmittiedr;aridTeceiyed)Onvthe^^ same time. Once 

the bit stream is;orthogortally isojated using the RW qodes; 'the, signals* for respective 
■ r-subscriber links do not r interfere with; each other. Since RWj codes are orthogonal, 
10 when perfectly aligned all codes have zero cross-correlation, thus making it possible 
r ; to decode a signal while; cancelling. interference from users, operating r on other RW 

r "COdeS.J". T-;--'- ii.l' f.. /lO,) . ■ ' :>'i' 

, : / : In. preferred:embQdiments. of the [present invention^ it is desired to provide the 
central Jterminal withvthe ability: to s^ more than 15 ^sub^eribcr U on each 
15 I channel frequency, and ^to ;aGhie;ve this the above set; of 16 RWrjCpdes has been 
i i enhanced:-; In order to rnaintaiiii-coinpatibility withifprmer products.using the 16 RW 
codes, it was desirable that any enhanccments-^should retainT.the sarne set of 16 RW 

i. r -codes; . \ : ^• i -m^-t^^jjv. ^-^ ■ rv--. 

: ^ ' t The manner in which, the enhancements rhave been irnplemented provides 
20 ; flexibility in the;: way v the frequency channels i are configured, : with- certain 
: ' configurations allowing: a greater- number:;of subscriber lin^s to be supported, but at 
' a lower gross bit rate. In preferred embodinDents, a, channel can be^ selected to operate 
; with the following gross ibit^rates:: ) * : :^ v . y]-. -r. ; i r- J , g i 

^25 i ■ . 160 kb/s : . V : : , FuU^ratc (Fl). ^ - . ^ - 

: ' :: 8Qkb/s 3:. : = ; ■ , ^ ■ Half rate^(Hl,.H2), , ; ; 

. - r ' ;40:kb/s i : > n . . , i - Quart ex, rate ::(Q^;, ,Q3vQ3> :Q4) 

10 kb/s \ Low , rate. :(Ll, Iu2^^^^ for uplink 

' acquisition Ov-^: !• ^kJ" ^ \' ; ■ v^- ^ r /..r^.-.v;- ; 
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In preferred embodimentSii'the manncr-iii; which; these, channelisations are 
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provided differs for the downlink (CF to ST) and uplink (ST to CT) communication 
paths. This is because it has been realised that different performance requirements 
exist for the downlink and uplink paths. On the downlink all signals emanate from a 
single source, namely the central terminal, and hence the signals will be synchronised. 
However, on the uplink path, the signals will emanate from a number of independent 
STs, and- hence the^^signals will not' be^ synchronised. - : 

i ^ vGiven the above considerations, 'in preferred embodimentsj on the uplink path 
fuir^rate (160 kb/s)' operation^ is impremenled using the basic set of RW codes 
discussed' earlier, but half and quarter rates are. achieved through the use of 'Overlay 
Gcklcs' which comprise RW coded high rate syrhbol patterns that are transmitted for 
each intermediate rate data symbol'.; For half Tate .^operation, two 2-bit overlay codes 
are provide, whilst for quarter rate operation, four 4-bit overlay codes are provided. 
\'' . 'When generating a signal -for transmissioh,.-one of the overlay codes, where 
appropriate, is applied to'the signal in addition to-the appropriate. RW code. When the 
'sighal'is received, then at the CDMA demodulator the incoming signal is multiplied 
by thc'^ channel's PN; RW and Overlay codes: -'The correlator integration period is set 
'to match" the length of the Overlay code. ^ ' ^ ^ 

Overlay codes are used extensively to provide variable rate uplink traffic 
• channels. Overiay codes will also be used* to ^ implement downlink control channels, 
these control channels beings discussed in more dctail latcr: However,'as mentioned 
earlier, a different approach' is taken' for- providing flexible channelisations on the 
downlink traffic channel 'paths." Downlink traffic channels will operate in high rate, 
160 kb/s, mode, with lower data rates of -SO.ind 40 kb/s being supported by Time 
Division Multiplexing' (TDM) the available bandwidth. 

In preferred Embodiments, TDM timeslot bit numbering will follow the CCITT 
G.732 convention -with bits transmitted in the sequence bit 1, bit 2 ... bit 8. Byte 
orientation* is specified per channel as either most significant^ bit (MSB) first, least 
significant bit (LSB) first or N/A. 

The provision of a hybrid CDMA/TDM approach for downlink traffic channels 
retains the benefits of CDMA access, ie. interference is reduced when traffic is 
-reduced. Further, use 'of TDM ensures that the CDMA signal is limited to a 256 



'Quadraihirc- Ainplitude ' M^^ which reduces receiver 

dynamic range rcquirementsr'Q be familiar to those skilled in 

the'art;-^ v; -^^^^^'^ ^ . - v ^ -.v 

^ ^ On the uplink^'^chinhels, the 'pure ^ CDMA - approach using overlay codes 
dliminates the ileed to time synchronise STs to a TDM frame ^reference. This has the 
advantage of eliminating TDM'delays and' the time' in between TDM frames. 

Another benefit is rediiced-peak po^^ RF transmit 

'Chain' which would otherwise be needed when transmitting builsty^TDM data. High 
dynahiic range- requirerntnt is restricted to 'ihe GT receiver > ■ 
: :: The mariner in 'which the transmitted and received signals are processed in 
accordanceVith preferred embodiments; of the present invention will be described with 
reference to figures 7 kiid 81 Tigiife TA is a' schematic diagraim i illustrating signal 
tiransmission processing stages as ■corifigured in a subscriber terminal 20 in the 
telecommunications^ systeth of Figiire 1. In Figure 7A, an analogue signal from a 
telephone is passed via an^iriterface such two-wire interface 102itc> ia hybrid audio 
ptocessiiig circuit 104 and then via a codec lOfr^ a digital signal into which 

kn ovetHcad chailnel including c6^^ information is inserted at 108^ { If rthe subscriber 
tefminkl supports a number of telephones or other telecommunications equipment, then 
elements 162, 104 and 106 may be repeated for* each piece of telecommunications 
-equipment. ■ • * ^- --^^ -/' --.^i . ■ ' Ik. 

At' the output of 6ve^ 108, the signal . will have a bit rate 

of either 160r 80^ or 40 kbits/s, depending on which channel has been selected for 
tr^nsmisisioh of the sij^aP^ " ■ ' ' • . . ^ - i u ' ' 

The resulting isignal is ^then pYocessed by a convolutional encoder 110 to 
produce tvvo signals with* the 'same bit ' rate as the inpijt signal (collectively, these 
signals will have a symbol rate of ^160,-80 or 40 KS/s). Next, the signals are passed 
tb " a spreader ill where, if -^ a redubed bif Tatfe channel » has been selected, an 
appropriate bverlay code provided by overlay 'code generator 113 is applied to the 
signals. At the output of -the spreader 111, the signalslwill be ^1.160 KS/s irrespective 
of the bit rate of the input signal since- the overlay code will increased the 
symbol rate by the necessary' amount. ' - ' ' - • • - - 
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The signals output from spreader- 111 arc^passed to a spreader 116 where the 
Rademachcr-Wjlsh and PN codes ,are,applicd to the sigiials.Jt>y a RW code generator 
112 and PN d^k ccr.craior 114, respectively. The resulting signals, at 2.56MCys 
(2.56,Mcg3 ch.p^ pc- ^cond, where, a chip is the smallest, data element in a spread 
5. sequence) arc p:i^v^J vui a digital io analogue converter 118. The .digital to analogue 
converter " j:r.> digital samples into an ,analogue waveform and provides a 
stage; of rhasc' a: v-* ;^ --cr cpniroj.vljhe signals, are pas$ed to a low pass filter 120 
. to be. mpduU c Jji-:. f rviiJulator, 122... The modulated signal fipm the modulator 122 
is mixed v^-.tr- v n c * v- ccncraied by a YOltagc? controlled, oscillator 126 which is 
10 responsive,!. ^ v »<-v.^»c;, 160.; The putpui of.the mixcr-128 is then amplified in a 
. low noisc. a-T; i • ; > I before, being passed; via- a>band^pass filter^ 1 The output 
, , : :Qf the ba.-v: ? :tc? 1 \Z \s further amplified :in: a further low rioise amplifier 134, 

' rbcfore bc.nr r^^^^ ' • r^^cr control circuitry 136. The output^ofthe power control / 
circuitry .i\ ti-".sr sr i^. Aicd in a power amplifier .138 before being passed via a 
J ; .15. . further ba^vJ ^-»^^ t .;:c' 140 and; transmitted from- the transm^ antenna 142. 

1 ? ' .FVpi-T 'Iv iv > whemalic diagram-^^^ transmission processing ; 

v}-u\^r^a ^ ; stages as tir^f >n: tr, j central :tenninal: 10 m- the telccpmniunications system of 
v: "- . • ; Figure I » . *rr-*;cni, the .central terminal is configured to perform .similar 
' . signal irar.>tT .*r ,v*^»^:cvsmg to the subscriber terminal 20 illustrated in Figure 7A, 
20 but doc^ rv- .r.<^^ elements 100. 102, 104 and 106 associated with 
; . . tclecomrr.j-.ts >; ^ c ^A.1;:f^xnt: Further,, the central te^^^ 

: : . . 105 for pc:^r^ i; ^?^< division multiplex central terminal 

will have 4 ncfymy^.t inTcrfacc over which incoming calls .destined, for a subscriber 
: terminal arc rc.c -cJ u hen an^incoming call ;is received, the central terminal will 
. , ; 25 . : contact; tSewh^r:brr terminal to .which -the call is directed and arrange ;a suitable 
. r. . channel ov er 1*^u-^:lhe^lr.coming call can^c established wiih.t^^^^ terminal 
. b (in preferred errifxid;irenis. this is^ done using, the call control, channel discussed in 
M . 7 : more detail laien The channel established. for the. call will detepnine the time slot to 

: ,be used for call data passed from the ;CT, to the ST and the TDM. encoder 105 will be 

:/ .:^:.3ft supplied. With ihiv information. ^ _ 

Hence, v^hen incoming call data is passed from the network interface to the 
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TDM encoddr 105 over line^ 103V TDM encoder will apply appropriate TDM 
erie6ding t6 'enable the data to be inserted inuhe' appropriate time slot . From then on, 
the processing of the silnal is the same as the equivalcnt^processing performed in the 
ST and described with reference to Figure 7A, the. overlay code generator producing 
^^ siriglfe overlay code ^^G^^ spreader 111 is the 

^ same ais the signal input to- the si>reader^ ; ■ v : ^ v> / ^ .a 

' ' As friehtiohed €;^lier,-ih:p rather than 

TDM, aie used to implement downlink control channels,nand datai relate to such 
channels is passed frdm^ a demand assignment engine..(to be discussed in more detail 
later) over line 107 through sw:itch 109 to the overhead insertion circuit 108, thereby 
byp^ing the TDM encode^^ The processing of the signal is then: the same as the 
equivalent processing perfoim^d in the' ST, with the overlay code generator providing 
appropriate overlay <kKles to the spreader 111. The 'overlay code generator will be 
controlled so as to produce the desired overlay code, in preferred enibodiments, this 
control coming from the DA engine (to bc discussed in morci detail later). 

^ T^igure 8A is a SGhemaitic d illustrating the signal reception processing 

stages asf configufcd iri a subscriber terminal -2^ in? the telecommunications system of 
Figure 1. In Figure 8A, signals received at a receiving 'antenna: 150 are passed via a 
band pass filter 152 before being amplified in a l6w::noise amplifier 154. The output 
6f the amplifier 154 is then passed via a further band pass filter. 156 before being 
further amplified by a fiirther low lioise amplificra58. The^ output of the amplifier 
158 is then- passed to a mixer 164 w it is mixed with a signal generated by a 
voltiage contirolled oscillator 162 which is responsive to a synthesizer. 160. The output 
ofthe mixcV 164 is then passed via the l/Q ^de-modulator^i^^^ pass filter 

168 before being passed to an analogue to digital converter 170.: The digital output 
of the^A/D 'cohverter 170 at 2.56 MG/s ■ is ahcn passed to a correlator 178, to which 
the same Rademacher- Walsh and FN codes iised during- transmission^ are applied by 
a RW code generator 172- (corresponding to the 'RW. code.igenerator :1 12) and a FN 
code generator 174 (corresponding to FN code generator dl4), respectively. The 
output of -the correlator 178, at 160 :KS/s,' is Hhcn applied to^cdrrelaior 179/\yhere any 
overlay' cbde used at the -transmission ':stagc tO; encode the :signat'is applied to the 
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signal by overlay code generator 181., The elements 170, 172,. 174, 178, 179 and 181 
form a CDMA dempdulator. iThe output from, the CDMA . demodulator (at correlator 
: 179) is:then at a rate of either . 160, 8ft or 40 KS/s,> depending on the overlay code 
' V applied by correlator. 179. ; {• c:..:; . ; ^:. . ^ - i - 

5 The output: from correlator .179 is then, applied to a Viter^^ The 

output of the Viterbi decoder: 18Q i is .then/ passe^i . to an. overhead extractor 182 for 
extracting the overhead channel .information. r;lf the signal relates to call data, then the 
output. of the. overhead extractor:182 is then :passed through ^TDM decoder 183 to 
- ^extract thie call data from the particular ;time slot: in \yhich it was; inserted by the CT 
10 TDM encoder 105- Then, the call data is. passed v;ia a codeC:l84 and a hybrid circuit 
: .188 to ah interface such: as two wire interface 190,. where the resulting analogue 
. V signals are passed:to a. telephone 192. As .mentipned earlier in connection with the ST 
, i - : transmission processing stages, elements 184,; 188,::190 may be repeated for each piece 

-•d . / of telecommunications equipment 192 at the ST. : ; » = 

15 ,^ r vi >: If the data output by the overhwd extrarctipn circuit 182 is data on a downlink 
> ; . control [channels, then instead of passing, that idaia to a piece of telecommunications 
. . j; equipment, it is passed via switch 187 to a call control Jogic 185, \y here that data is 
. r.vv ^interpreted ■:by the ■ ST..;. :/ . - . , :.• 

\ . ' ; ^ ; At the subscriber:terminal 20, a stage of automatic gain control is incorporated 

/ : . v' : 20 at the IF stage. The control signal is derived, from the digital portion' of the CDMA 
: . ^: !. ff . receiver using the: output of a signal' quality ;estimaior. .. . :;. 

: : v Figure 8B illustrates the signal reception processing stages as configured in a 
\ * ' ■'Central terminal 10 in the telecommunications system of Figure 1. As :will be apparent 
: ' .'..- v ' : from the figure, the signal processing stages between , the RX^ antenna 150 and the 
' - r25;; . overhead extraction cireuit.i82 are the .as those within the ST . discussed in connection 
, '\ with figure 8A. However,. in the case of the CT,: call/data output from the overhead 
V \ . , . ^ extraction circuit is. passed over line 189 to the. nctwork/intcrfjace. within the CT, whilst 
^ ! ' r , control. chanheL data is passed . via switch .191, to the, DA engine 380 for processing. 

' " v The DA engine is discussed in more .detail jatcj. . ; . , 

• : ":..c' 30 . . ; Overlay . codes and . channelisation '- plaiis are, selected to, ensure signal 
o: orthogonality - i.e. .in a. properly synchronised system, the contribution of all channels 
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I" * ■ " except' the ctenher correlator integration 

; . , , period - Further^ uplink-power is- controlled-tcmaintain constant energy per bit. The 

, , e;!cc«ption,to,this„is Lowj^^ will be transmitted atjhe same power as a Quarter 

rate signal. Table 2 belo\y illustrates the overlay codes used for full, half and quarter 
5 rate operations: 



Net Ritc^r 
(kb/s) 


Channel. ' 
designaiios 


ST T-\. power 
reliiive lo Fl- 
'v (dB) 


<l Overlay Code ; 


Contflator . 
integration period 

(us)' 


, Acquisition 
overlay 

- i'- 


160 




0 


i.... ...... 


^.25 


U 


.:S0.-,. 




V : ^ -3-., ' . / 




■ : . ■ ^ 12.5;. - r 




„ ''' 80 


■ -H2-U 


I3' - 




' 12-5 ■ ' 


L3 


40 


-Ql-U 


-6 


1111 


25 




,40 , y 




... .-6..-.. 


. l-.-l.pl.-l-. 




L2 


40 






i 1 -1 -i-' 




U 


40 


-04-U 


-6 


1-1-1 1 


25 


L4 



TABLE 2 



20 In preferred embodiments, a 10 kb/s acquisition mode is provided which uses 

concatenated overlays to form an acquisition overlay; this is illustrated in table 3 
below: 



Acquisition 
overlay 


^ ^ . : .E.quiyalent .high -rate, pattern. , ^ . 


Ll-U 


11111111111 .1 ■ I .1 1 1 


' r . L2-U : . 


- ;:l a/-l -l.-:l.:. 1 -l;..rl 1 1. rl^^l: 1 1 "l^'-l 
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L3-U 


1-1 1-1 1-1 1-1 1-1 1-1 1-1 1-1 


U-U 


1-1-1 1 1-1-1 1 1-1-1 1 1 -1-1 1 



TABLE 3 

5 

Figures 9A and 9B are diagrams illustrating the uplink and downlink delivery 
methods, respectively, when the system^ is fully loaded, and illustrate the difference 
between the use of overlay codes illustrated in figure 9A and the use of TDM as 
illustrated in Figure 9B. When using overlay codes, an RW code is split in the RW 
10 space domain to allow up to four sub channels-io operate at- the same time. In 
contrast, when using TDM, an RW code is split in the time domain, to allow up to 
' four signals to be sent using one.RW code, but at different times during the 125 us 
fr^ne. As illustrated in Figures 9A and ?B, the last two RW codes, RWi4 and RW15, 

are not used for data traffic in preferred embodiments, since they are reserved for call 

15 control and acquisition functions;' this will be discussed in more, detail' later, 

The CDMA channel hierarchy' is as ^illustrated in Figure 10. Using this 
hierarchy, the following CDMA channelisations are possible:. • 



. Fl ■ - ^ . » .... . 

20 HI + H2 

HI + 03 + 04 

H2 + 01 + 02 

01 + 02 + 03 + 04 

25 Having discussed how the CDMA codes are enhanced to enable flexible 

, ..channelisations to, be achieved,, whereby the bit, ratcs. can be lo\yered .to enable more 

subscriber links to be managed^ per channel frequency, a general overview of how the 

^dpvmlink and uplink paths are established will Jbc provided with reference to figures 

* 11 and 12. ^ - ■ • " 

30 : Figure 11 is a block diagram of downlink and uplink -communication paths 
between central terminal 10 and subscriber terminal 20. A downlink communication 
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■ pfith 'is -established: from transmitter , 20Q in; central lerniinal'lG to receiver 202 in 
>:Ti ; ! subscriber terminal 20: An upliok communieatiQapath is established from transmitter 
• - . 204 4n subscriber terminal 20; to rceciver ^OG: in, ce^^n^ 10. Once the 

/; - downlinkrahd the uplink /^.communieatjon^^^ paths . h^vc: been ^;e^^ in wireless 

: 5. telecommunication system= 1, telephpne/communication may occurbetween a user 208, 
^ ' c 210 of subscriber terminal r20:and a user service 10 over a 

' downlink^signal 212 and an uplink signal 214; ) Dowiilink signal 5.12 is transmitted by 
transmitter 200 r^of; central :te^mlinal^:10 and treceived subscriber 
^ terminal 20.:' Uplink signal: 214 is- transmittedby transmitter ,204,^ subscriber terminal 
10 i 20 and ^received by; receiver 206 of central terminal 10 , : > 

i : Receiver 206 and transmitter 200 within -ccntrahterminal 10 arc synchrom 
f to each other with respect to^time and-phase, and aligned as to information boundaries. 
In order to establish the /downlink .communication path^ receiy^^^^ in subscriber 
terminal 20 should : tbe: Synchroni^^ 200 Jn -centrak terminal 10. 

115 : Synchronization oecuxs; by/peifQrming an acquisition mp.dc, function and a tracking 
1 ' mode function. oh downlink :Signal 2;l2v Tnitiallyv.transmittert?pO o terminal 
10 transmits downlink signal 212.. iTigure42.shows;thcxonte^ pf ^ownlink signal 
212. A frame information signal 218 is combined with an overlay code 217 where 
appropriate, and the resultant signal 219 is, combined with a code sequence signal 216 
20 for central terminal lO.lo.produce the downlink 212. Code sequence signal 216 is 
derived from a combination , of a; pseudo-random poise code signal 220 and a 
Rademacher- Walsh code si gnar222; r 

Downlink -signal 212 ; is receive.ci'at receiver 202 of subscriber terminal 20. 
Receiver 202 compares its phase and code sequence to a phase and code sequence 
25 within code .sequence .signal 216 : of^dow terniinal 10 is 

' 'cbrisidered -to/ have :a master,.codc tscqucnco a^ is considered 

^ to have a slave code. sequence. Reeeiver-202. inGrenricntally adjusts, t phase of its 
^ slave -code sequence torecognize a match tOrinasie code sequence and place receiver 
r ' 202 of subscriber terminal 20 in phase with .transmitter .2^0 pf central terminal 10. 
30 The slave code: sequence of receiver 202 is not initially _synchr tO/the master 

- code t sequence of transmitter 200 and central f tcrminaU 10. d^^ path delay 
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* between central termirial'lO and subscriber terminal 20. . .This path dejay is caused by 
' ^ ' the geographical separation between subscriber terminal 20 and central terminal 10 
and other environmental and technical factors ^affectin transmission. 
■ After acquiring and initialing tracking on the central terminal 10 master cod^ 

5 sequence of code sequence signal 216 within downlink signal 212, receiver 202 enters 
- a' frame' alignment-mode- in order- to establish Jthe downH communication path. 
^ Receiver~202 analyzes frame -informationi within frame information signal 218 of 

downlink signar-212*to identify a beginning of frame position forrdownlink signal 212. 
^ ' * Since receiver 202 doeis not know --at what point in the data stream, of downlink signal 
10 . 212 it has received information/ receiver 202 must search for; the .beginnings of frame 
position in order to be able to process information received from transmitter 200 of 
' central terminal 10. Once receiver 202 has identified one further beginning of frame 
' positioil, the downlink communication path has been established from transmitter 200 
' • ^ ' of central terminal 10 to receiver 202- of -subscriber terminal 20: ^ 

15 ' ^ The structure of the radio frames of driformati on sent over jhe . downlink and 
• ' uplink paths will how .be discussed with: reference to figures 13;and:14. In figures 13 

'->r ^ ^' 'arid 14, the following terms are used: ^ • ^: 

' ' 'i' Bn Customer payload, 1 x^32 to 2'x 64.Kb/s ' a ^ 

■'^ 20 ' Dn • Signalling- -Channel; 2 to 16 kb/s' . • - 

' ' ' OH Radio Overhead Channel c ' = r: c : 

- 16 kb/s Traffic Mode . / - • r: 
'-^ - • ' ' ' • ' ^ • -'40 kb/s Acquisition/Standby Modev 

:jn:-- . . , , ■ ... v .r ■ - t.v,. : ;r.^-,, . ^. c , • . 
• 25 ' * ^ 'Both Figures 13A arid 13B show a 125us subframej format, which is repeated 
'throughout an entire radio-frame, a frame typically lasting .for 4 milliseconds (ms). 
: V . : rr^ -figure '13A illustrates -the • radio? frame '.structures that tare, used in preferred 
■ - ' • • ' embodiments for the downlink' path;-Subframc (i) in Figure 13 A. shows the radio 
' ■ • ' frame stiiicture used for low rate,Kl'0 Kb/s, aequisition modc (Ln-D) during which 
y, '30 '^ ' oiSly-the overhead channel is transmitted. Subframc (ii) in Figure 13A shows the radio 
' frairnV'Striicture' employed for the call control channel operating: in quarter rate, 40 
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^ Kb/s/'rriCKiie '(Qn-D)r whilst' the radio frame 
structure used for traffic channels operating in full ,rate, J60 kb/s, mode (Fl-D). 

- . SimHarly, subframe (i)^of 
the uplink path when Opefatift^^ rate acquisition' or call control mode (Ln-U). 

5 Sub-frames (ii) to (iv) show the ;radio frame structure used for traffic channels when 
. operating in^quaner jatelniode .(pn mpde (Hn-U)/a^ full rate mode 

(Fl-U),' respfectively. ^ ' \ ; ; 

, Considering now the overhead channel in morcJ detailj figures 14A and 14B 

I show .the overhead frame structure employed for various . data rates/The overhead 
10 . channel may ^ include a number of fields - a frame alignmenT wb^^^^ a code 

synchronization signal (CS), a power control signal (PC), an operations and 
maintenance channel signal j(QMC), a mixed OMC/D-Channel (HDLC) signal 
(OMC/D), a channel identifier byte (Ch.ID), and some unused fields. 

The frame alignment word identifies^ the beginning of frame position for its 
15 % corresponding frame of ^inforrnation. i^ .l^^ provides 
information to control synchronizatiqn^f transmitter 20,4, in subscriber terminal 20 to 
, M ^ , receiver 206 Jn central teiminal, 10.^:1^ information 
to control transmitting power of transmitter 204 in subscriber terminal 20. The 
; r \A operations and maintenance channel: signal provides stiatus information with respect 
' 20: : JO the downlink and uplink communication paths. and the central terminal 

to the subscriber terminal on^whjch th^ communioation protocol which operates on the 
. y , modem shelf between, the. shelf controller and. themodem cards also extends. The 
OMC/D signal is a^com^ination of the OMC signal and a signalling signal (D), whilst 
the Ch. ID signal is used to uniquely identify an RW channel, this Ch. ID signal being 
25 used by the subscriber teriTiinahto ensure, that ^ the correct channel has been acquired. 

In preferred embodiments, the subscriber terminal \yill receive downlink traffic 
channel data at a rate of 160 kb/s. Depending oa the .Ef-channel rate, the ST will be 
allocated an appropriate share of -the radio pyerhcacl.^ The following TDM mappings 
are created: 

v30-' : - . . : ......... . , 
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Rate 


Chanoel 
' designitioo * 


Bearer 


cs 


PC 


CMC 


Overhead 
raie 


160 


-Fl-D-Tl/1 


Bl, Bi B3. B4' 


CSIJCS3 


PCKPC3 ' 


OMCl. 0MC3 


4 ms 


80 
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Bl. B2 
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B3, B4 . 










40 


-F1-D-T4/1 


Bl 


CSl 
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; 40 : 


••'-n-DrJ4/2 
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.-.OpMC2 


8 ms 


40 


-n-D-T4n ' 


B3'^^ ^ 


CS3 


• ' PO 


*< OMC3 


S ms 


40* " 


-n'-D-T4/4 


B4^ ' 


CS4 ' 


PC4 


OMC4 


S ms 



10 '■ ' ■- ■ •■ •■• ■ • ■ 

w c r; c V the above thkrt, the schemc usfed to identify a channel is as followSi^Ratc 
*code^ '1=1' indicates full rater l'60kb/s, 'D* indicates that the channel is a downlink 
15 ' channel, and Tn/t* indicates that the^ channel is time division multiplexed between STs, 

• •r :,r;7c: : 'n' iridicatihjg the total humber of TDM tinicslots, and 't* indicating the selected traffic 

• ^ ■■ timeslotC ^- .'^ ... ■ 

• • • • ' ' ' All STs operating on a traffic 'channel w 

' ' the 16 kb/s rate. The D-channer protocol includes an address field to specify which 
' 20 ST is to process the contents of the message. ^ 

^ ' ^' The channel'Structure was illustrated'earlicr in F 
' * ' ' • cnibodimfcnts, the cHanrie'l stnjctui-e is flexible but comprises: 

^ " ' ' - At least one Link' Acquisitioh ChaVinci (LAG) 
^5^- • L At ieiast 6ri6 Call Gohtrol Chanrief^CCC) ^ ^ ^ 
^ ' ^ ' • - Tyfyrcally one Priority Traffic^ Channels (t^ 
• ^- ' - 1 to 13 Traffic Channels (TC)' i -^ ^ 

The manner in which the channelisation is provided ensures that former fixed 
30 assignment arrangements using the set of 16 RW codes discussed earlier are still 
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supported, as well as demand access serv ices' that are available when using a system 
in accordance with the preferred embodiment. Figures 15A and 15B illustrate typical 
downlink and uplink channel structures that might occur in a loaded system in 
accordance with preferred embodiments of the present invention. As illustrated in 
5 Figure 15A, on the downlink path, some signals, may be at 160 kb/s and utilise an 
entire RW channel. An example of such signals would be those sent over fixed 
- ' assigmiiem:4inks to' p'roduct's^^^^^^^^ 

by systems' in accordance with preferred^emb^ invention, as 

^ ' illustrated for RWl 'and RW2 id Figure 15A.' Alternatively ,fa user may have authority 

^0- to' utilise a whole RW channel, , for exaniple when sending a f^^^^^^^ by 
^v; RWi2 in Figure ISA. : . -k.^ ■ lI . ,. ' ^, 

As illustrated by RW5 to RWll, TDM can be used on the^^downlink traffic 
- ' ' > chaimels to enable more than: one CT to communication to take place on the same 
RW channel during each frame. Furthcrr as illustrated for RW3 and RW4, in preferred 
:v .^' : 15^ ^-embodiments; certain. GhannelS'ean^e^ from othfe'r nearby 

JO ' : as will be discussed iin more ^detail: later; ^ . , ^ - : ; :^ 'I a; 

Similar channelisations can be achieved for the uplink paths, but as illustrated 
* in Figure 15B, overlay codes are used instead: of TDM to en^ more than one ST 

^ to CT communication to . take: place on the same RW ^channel during each frame (as 

; v^-jBO ^ shown in Figure: 15B for; RW5 to RWli). It should-be noted that, in both figures ISA 
5 . and 15B; the channels RW14 and R WIS are reserved as a call control channel and an 
link acquisition ^channel, respectively^ and overlay codes; are; employed on these 
--'^ channels; irrespective :of whether the path is .a downlink or a^ 
w . channels will be discussed:in*more detail below:. ::i ; ^ ; 

. . .2S- ' Acquisition / net entry will take place via the Link Acquisition .Chanriel (LAC). 

Following power-up an ST j will, automatically/attcmpt downlink acquisition of the 
■ ^ ' ^ LAG on a pre-determined;'home' RFxhannel.: The: LAC downlink channel (eg. RW15 
ini pfcferred embodiments) wilLoperate at 10 kb/s, :fulli single user power. Downlink 
acquisition will be simultaneous for .Ml 'STs; ' r 
30 Each CT Modem Shelf will maintain' a database holding the serial numbers of 

all -STs that could 'possibly be supported, by thatnCT. T^e- state' = of each ST will 
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: recorded with top level statcs as. follows: - t; . : 

• • • cold ' ' : . . ' .-v . " ^ , *v' . r-. - * ' 

\ '5w ' . callAnj}rogress.,^,^. : * , : \ ' , . C - «: 

- f: ^ -Transition states v^dlh also be .defined. An . ST is considered; coW if the ST is 
; . newly provisioned, the CT has lost: management communications with the ST or the 
CT has been power cycled. Over the LAC, the CT broadcasts individual ST serial 
10 . numbers and offers an invitation to acquire the LAC uplink. Cold uplink acquisition 
will be carried out on the Link Acquisition Channel at lo^y rate. The CT will invite 
V specific STs to cold start via the management channel. \ 
:.S' :\ y-'.. ' ; Assuming: an ^uplink channeris, available, the ;apprppriate.a^^ overlay 
./ will be selected, and acquisition will^be. initiated. > » : / - 
15^ ? 'Rapid' downlink RW: channel swiichingimay be supponed at rates other than 

Ln-D. Rapid means that coherent demodulation is maintained, and only convolutional 
v^ j vi ; - < decoding and frame synchronisation processes need be repeated. 
:1 - o r. . On acquisition, management information will be exchanged.. The ST will be 
: ^ . authenticated and allocated a. short STi/rfe^nnyier (between 12 and 16 bits) which will 
: .n;20. be* used for subsequent addressing. The ST uplink will operate for long enough for 
V V : . the, uplink to be.parametised by .the-ST in terms of, code phase, and transmit power. 
. v.! These parameters will be used by the ST.ior subsequent warm start acquisitions and 

:^ 7 . will also be held by the CT to . allow the' CT to. force a. cold ST ^to warm start. On 
successful completion of. net sentry, ahe. ST jwjU be placed .in. ihe idle state and 
>. . 25'. >: instnicted. to cease ruplink .communications and: move to the Call Control Channel 
)'. i.(CGC) (RW.i4 in preferfedvembodiments). ': - - ^ i ^ : .. ^ > ' 

If?: ' I The time/ taken for ^net;. entry > to :be achieved can be monitored, and the 
nx oJ .' following techniques can be used, to -decrease -net entry time if desired: 

(i) Prioritise so that high OOS (Grade Of Service), users are offered net entry first. 
■ . ■ : 30: : - (ii) Convert Traffic Channels to LACs.- 

• . (iii) In the event of a .CT restart- invite. STs to attempt/uplink warm start. A 
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\L- .^: reduction in - net eat r^^ ofi 4 couici be achieved. This 

: i :'^/c. mcchanisrnr would ne;edr to-be safeguarded -against possible deterioration of 
uplink wann start:paranieters -:i .e. it should only be ^allowed provided no CT 
i :ni:;.mp related parameters -have been modified. The CT would need to broadcast 

I . i5 ; ;:^an ID to allow an/STi to.^yalidate thiat the^ uplink warm start parameters were 
" ■ -J ■ '"valid tfor this (Em^^:;>% y" %\-r'. ■ 

(iv) . ST restart : :rrthe^ XIT> Ay iU. parameters so that 

;r . ■ a^^^^ in the invitation to 

* acquire and then be instructed ;.to warm start. , ^ ; 
10 Following Net Entry, all STs listen, to the CCC This channel broadcasts 

management and call control information via a 32 kb/s HDLC channel. In order to 
^ ■ ; maintain management communication, the CT polls each . ST in sequence. Each poll 
^ comprises a broadcast invitation ^for an laddressed ST^ to acquire the CCC Uplink 
^ t /'followed by an exghangei of management, information X authe^ ST alarm 

::r 15 :;'^updatei warm-start parameters, 4ownlink; radio performance data etc ). 

' %. N : A Management Poll may , fail.fpr one of . the following ^^^^ 
: V f (i) The ST' is or:ha$- been> :po\ycrcd down. An EM alarm may be flagged if this 
i ; - v . ^ persists and the database -for, that SJ-shou Id be marked coW. The Net Entry 

process will follow. 

20 (ii) The ST is either making a call or in the process of making; a call.cvThe poll 
f n r ; . - cycle may be. suspended and :management' communications effected on the 
appropriate traffic channel, . , . , ; , 

• : .When.a Management Poll failsit should be followed„up:by a number of faster 
polls until either the ST responds or it is marked cold. Tho CCC is required to 
25; .transmit all copies of the invitations "to acquire the LAGvSo that an ST can;bc forced 
to acquire the LAC uplink. : ^ 37 < , r : i ; 

:v : Traffic GhannehUplink Acquisition Procedurei ;. - . 

^ : j: ^ The basic acquisition V process frpmithe^ side is as follows; 

\ ^ (i) - ' :. Switch the downlink ^receiver) ; circuitry to .10 kb/s rate, and select the 
- 30 L : ■ appropriate Traffic ^Channel ..R>V and Overlay, codes. Acquisition rof the TC 
i* J • r downlink. 'is^limited: to. achieving. frame alignment.;^ . 
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- (ii) The^downlink PC/CS channel will be decoded to create a busy / idle flag. If 
" ^ PG/CS tc ports busy, then this means that another rST- is using that traffic 

^ channel jfrkJ aborts the^ acquisition process, t: ' 

(iii) * Switch cplif.k t » 10 kb/s rate, arid select the appropriate Traffic Channel RW 
5^ and 0.cf.j^'^^.«^s Enable the ST transmitter at a levelrof nominal full rate 

powc: m r.cx > JB. While PC/CS reports idle the ST will continue uplink 
, : i; ^ ' fi^: cvOi. -v'cppfng the. uplin^^^ +2 dB at the end of each 

' • ^ scarvr. ' u.; ;ir.X should acquire at nominal fulb rate power minus 6 dB. 

Up".:nk ^ ^ ..Cif Hiri is aborted if maximum transmit level is reached and PC/CS 
10- con: :r ..r v"v> t idlCv.. ■ . ' ; . ' 

^ (i^*) ^ PG ('V rr;« -x v^^^y At this'^ point the* ST may have genuinely tacquired t^^ 
. ^ ... • : ' . irif*;..: vf^:nr'.'fw instead may be^Obscrving PG/CS go busy because another 

• r r . .. : :i ./ ST i^jiv a. r c.i thc traffic channel. ' The ST -is sent an authentication request 
^ - ' -'i- anJ fr^Mvji ^' n: s STJderitifer, -The CT grants uplink access by returning 

15 the 5r ^v^' * rr : The -ST aborts the 1 acquisition process if the returned 

'^-'^ -STj'Ur ^/ *.r> - \ ni< recognised (ie. is not the STJdentifer that it sent). This 

• ' ' ' r - ^^ ^ ' awt.^cr;* i- '-f. ^-css arbitrates between two STs ■ coiitending Ifor outgoing . > 
' ^ ^ ^-"^ ' » accrvv i >*J w>iv ircps'STs from acquiring^TCs that have been reserved from 

' - ^ A r^:^ T C \ will be reserved for- incoming calls, and incoming call 

processing i\ a\ t « ■ /-<^" > ^ 

t ^ J ; (i) i Chcc-k tfr cr: j^:\i*\isc - if the ST* is in the calljn ^progress state the call is 
' ' o:;.:..^^- ■ ./ i rcjcctco '- . : ^ -/ 7\ . ' t ■ 

: ' . / .25- : (ii) ' Check ihj: at/ uplink TC of the fe<!iuired bandwidth is available. If: there is 
band^*iJ:h then a TC is reserved. . ; ^ 

(iii) An irwiw^ing call: setup message; is broadcast over the CCC 'to inform the 
' -addrevi^d ST of iheMncoming call and specify the TC on which to receive the 
■ ' ■ ' * ■ - cair IJ* DO- TC IS available butnhe CT forms part of a Service Domain, then 

* .u 30 V . "r. ; -Athc incominj cil! setup meissage is sent/with a null TC otherwise the call is 
rejeacd Scrw icc domains' withbe discussed in more detail later. The incoming 
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;r ' r ? ' i . v^ call setup message ds repeated;a 

; (iv);- /The^ST attempts uplink ^cquiisitioni The ST listens tq the downlink and keeps 
^ ^ trying for uplink acquisition until the CT scnjds a-message to the ST to return 

; the ST to , the CGQ^v The ST will also r^ to return it back to the CCC 

' 5 ^-^ - : ; in the event .of ah incoming call failing to complete. > - 
' On successful' upIink;,acqi4isition, the^GT authenticates tlie ST. 

(vi) Rate switching is originated froni-tlie jGT mojdem.r.^ is sent via the 

PC/CS to switch the downlink to the required bandwidth. ;-T^^ ST returns the 
; ^ , rate switch command via the uplink PfG/CS;^^^ is now of the required 

■10;;-. ^bandwidth: = ■ - - ; :^: ' : - - , 

Outgoing Calh - ^ ■wcij: : -a":' 

Outgoing calls are supported by allowing , slotted random , access to the TC 
uplinks. The outgoing call procesS;ii?g/is;as follows:-. ■ - n : 

(i) The CT publishes a -free, list^of ^available Tr and Priority Traffic 
15 i :>r Channels with their respective :t)andwidths.^;<^^ periodically 

':: : (in preferred embodiments, every. 500ms) and; is used to mark uplink access 

slots. ;. . . - -vj ;v , 

(ii) .. An off-hook condition is detcct^ed by the ST. The. ST starts a call setup timer. 
(iiiX . The ST waits for the next, free list Jo; be received oyer the CCC. If the Free 

20 list is empty the outgoing call is blocked. The ST will .generate a congestion 

?. ^ tone. i ... ; ■-■V.\.;.;- -[^ry. ^ T ^ . r-, , ",. 

. r(iv) If the Free-list-has available channels, the ST pickS: a channel from the free list 
at random. The .algorithm that the ST uses to pick a channel will need to be 
specified in the, free list. For- example,, ^i^ ST,.rnay be required to always 
"25 ' rchoose from a pool^pf minimum. bandwidth chapnpls s^ that;high bandwidth 

- ..>.': » channels Temain. available; for high COS users, : Alternatively the ST may be 

allowed to choose, any channel regardless of bandwidth for minimum blocking. 
> t ^ V ' In preferred, embodiments, -STsj >yiU, ; not choose: ^l^^ channels and 

negotiate the rate up. r: ^jr v, 

30 , (v); -The ST attempts uplink acquisition/Oa the. specified fFC, this process having 
been- described:.earlier. Jf acquisition Js succcssful/then the outgoing call is 
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processed Othenvise the ST retu'rtis to the CCC and waits for the next 
available free listl' To avoid a nu^lbc^ofSTs repetU^ 

the satne TC, and blockihg'eaeh Other, a suitable protocol can be employed to 
• ' ' ' ^ govern how individual STs will act upon fcccipt- of the free list. 

5 (vi) The St may be unable ^ to acquire ^ a TC by tho time: the call setup timer 
expires; ' The ST may in such! <^ses cease • attempting outgoing access and 
^' generate 'Congestion tohey* '^--^ ' " - 

Out going Pnority Call ^ - • - 

It is reco^iseS that thcTaridoHi access protocol used to.setup normal outgoing 
10 calls could lead to blocking. In preferred embodiments,^ access to a largely non- 
blocking Priority Traffic Channel will be allowed. Priority calling is complicated 
< because "'the ST 'must: = ''y : ' '[--^ 

(i) Capture and decode dialled' digits: ': ' : 

Xii)'^ Regenerate digits when" a blocking*^ condition occurs. *' ^ 

* 15 (iii) **^ " Allow transparent tietwork access in a non-blocking condition. ' v* 

■ • ^ (W)^^ Categorise all outgoing calls as p^^ normal so that normal calls are 

dropped in favour of priority calls. 

• * ' The priority call procedure in preferred ^embodiments is as follows: 

"J r . (i) ' The CT will-publish Directory Numbers' (DNs) for a'number of emergency 
- 20- services over the CCC^ ' 

(ii) The ST will attempt uplink access according to the normal algorithms. If the 
• • ' ' • outgoing acceW is successful' then the Customer is able to dial as nomial. All 

' ' • ' - d check^ against ' the emergency :DN list so that calls may be 

' - : "categorised normal or priority at the-CT:' ' 

' ^ ■ '25 ^(iii) If 'congestion tone is returned the 'customer is allowed' to dial the emergency 
' ' ' '^'^ number into the ST.- If the ST detects tan emergency DN sequence then uplink 

j . ; ^(xess via the- Priority: Traffic' Channel (PTC) is attempted. 

. v./ (iv) On PTC- acquisitionv'the ST relays 'the. dialled' digit sequence to the CT for 

dialling into the PSTN. 

, t : 30-*-' (iv) ' The-'GT converts^ the PTC to a TC and reallocates another TC to become the 
- - ' ;. ':v; ' PTC, dropping a hbrmal call in progrcss if necessar\\ 
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Across a Ijrrr scale deployment of xclls, optirnum capacity is achieved by 
i. i - /: minimising radio irarbd while maintaining an acceptable grade^ of service. Lowest 
' - V possible radic) !t>r!K rrvjJtsMn improved 'can^ier.to inte^^^ ratios for users 

^ ■ 5 ^ within the cell i^^^-rw-ind to co^chahnei^users in nearby ceills. The C/I ratio is a 

• ^ ^ ^ measure (usuaMx cvrrK^J in^dB^ iof how: high aboveiintcrference the transmitted 

- ■ signal needs >to:>x t. rxii Jccd<Jedceffectivelyi 4n preferred -erhbodiments, the central 

— ' • ' terminal is prnv;;,:- the ability tO' trade traffic:fof G/I/ thereby allowing network 

^ r planningid be cx-v.^ t (>o,v1css rig be realised, by^a system using 

10 - CDMA as ir p^r!r-:^rjrcrr.bodiments b present invention, and is a benefit that 
^ - ^ CDMA oflcrvc.f' T:>Ma and FDMA systems.. .ir ;r . ; 

^ *^ ^ In prclcT : r - >Oimcnts, the GT; will control the number oftTtaffic Channels 

" ' to minimsc jc^^v^ ri *«v^b l:Cs will be classified asiA T/^j 

> : (ii) - ^ Accc\\. \r^?.r^ rfV'iAGcess_In) -^^reserved for pineorning access;; \ 

• ■ " (iii) fAccr\v i^K:(i Tr^vcAtcess^Gut) - reserved rfor ^outgoing access - such TCs 

: ■ - '.-r 'appcji ti*- .^•^-»-:fr list;" v- - yr^l-.j " 

- (iv) ■ r f^uKy s - rV w^'^r J jor, priority outgoing acces^^^ TCs appear in the Free 

'-' 20 (v) Free : ^ ^^ . c tur; any purpose; and ^ ^ " / f . ! - 
(vi) 1 : LockrJ j - ji^ablc due to interference limiting. 

' Th)V vUvv.!K.a:';iic scheme is illustrated; in figure 16. The CT will allocate 

' ^^r^:* traffic on^thc:foUi-«i^r7c:hasis: „;f o;,-;-: . i . -hT-:>^ 

(i) ' The CT^jI H<vritor incoming and outgoingvcall isetup-times and convert 

- : 25' ^ ^ AcccsA:irt:>, tjijfr Free TCs ; in order to. achieve. a required grad 

(ii) - Whcn^ a ;*ca:i ivji^tupV an-Acccss TC is converted to a, Busy TG. If a Free TC 
■ :^ ^ is ava:bNc.tf. IS converted to a new Access TC: If there are no Free TCs then 

the Access TC- IS lost. until a calhclears.; - : ^ ^ '^,[{ \ , , 

(iii) When a caK clears the Busy TC is converted to a; Fcee; TC. If a previous call 
30 ' setup rcsulicd iha lost Access TC then the Busy JG is ^converted back into an 

' ^ ; -y Access TC^:'.^-:: ^; ; :^ -/r , : 
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(iv) When the PTC is accessed, a new PTC is created.by conygrting a Free, Access 
* or "Busy (normal call) TC * > • « ^: * 

^ (v) The CT will monitor the Busy.TC downlink.and uplink soft error counts in an 
' attempt to establish link quality. If the CT records a lowe;r than average soft 

5 "error count and long call- setup times are being recorded, a Locked TC may be 

converted to. a Free TC. • Convdrscly;.if the CT records a higher than average 
' soft error county a Free, or Access TC*may be converted to a Locked TC. 
■ Figure 17 illustrates how the central. terminal performs the above interference 
limiting function; When incoming call data arrives at a central. terminal modem 320, 
10^ encoder 325 encodes- the data for transmission over the wireless link 300 to the 
subscriber terminal 20. At the subscriber terminal 20, the decoder 326 decodes the 
' "data, and passes the > decoded user data over line 328 to the subscriber 
telecommunications equipment- .As the decoder 326 decodes the 4ata, it. is able to 
establish a bit error rate (BER) estimate 330 associated with the signal transmission 
15 ovicf the-wireless lirik 300, which can bcpassed to the multiplexer 332 for combining 
with other signals, such as those frdm- a call control function 336 or user data on line 
338, before being passed to an encoder 334. Here, the BER estimate is encoded and 
passed on the OMC channel over the wireless link 310 to the decoder 340, within the 
central terminal modem 320. Once decoded by the decoder 340, the signal passes to 
20 the multiplexer 345, where the BER estimate from the subscriber terminal is detected 
and passed over line 355*t6 .the dynarriic pool sizing function 360. 

Further; as at the subscriber terminal 20, the decoder 340 within the central 
terminal modem 320 is able to establish a -bit error rate estimate 350 associated with 
- 'the* signal transmission over the wireless link 310. -This BER estimate 350 is also 
25-' - passed ovet line' 355 to the'dynamic-pooLsizing function 360. The dynamic pool 
^ * sizing -function 360- is: provided on the CT modem shelf 302, and receives BER 
estimates froni each of the modems on that .shelf indicated by- the lines entering the 
bottom of the dynamic poobsizing function 360. ; 
' - : ^ In addition to . BER estimates, grade of service (COS) data is obtained from 
30 two sGurces. Firstly, at each subscriber terminal 20, the call control function 336 will 
note how readily it is able to establish traffic channels for transmitting and receiving 
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data^ and from'this lean provide a' GOSxstimate.toithe 'multiplexer.332:for encoding 
by the encoder 334 for subsequent: transmission over^ the . wireless, link 310 to the 
eeritral terminal niodem 320. Here,- the 'GOSi estimate is decoded by decoder 340, 
passed through multiplexer 345u and then the. GOS^ e^^ is passed over line 355 
to the dynamic pool sizing function 360:: : ^ :I i ; . : » 

, ; • Additionally, iinepming call informatibn>tO':the, central terminal, other than call 
infotmatiofi -frofp the siibscriber :te^Tlinals^ 20 : connected t^^^ the icentral terminal, is 
provided over the concentrated network interface 390 torthe DA engine 380. The DA 
engine 380aricludes a^call control function,, siniilarfto 'the call control function 336 in 
each of the subscriber terminals 20, for each of the modems^on the modem shelf. 
Hence, in a similar fashion to the call co^ function 336 at the subscriber terminals 
20, the* call control functions: .within thef DAIcnginc 380. are also able to; provide COS 
estimates for incoming caHs, :and these GOS , estimates are passed iover line 395 to the 
dynamic pool, sizing^ fanctiom 360. r l • l : ^: i:; ; / s . i j - r : 

At set up, the management system:i370 within the element;manager will have 
connected to the central terminal, and provided the dynamic poo Irsizing: function 360 
within the modem shelf with data identifying a BER goal; a ;GQS^ a pool size 

limit (i.c. 'the number of channels that can be used- for data traffic). The dynamic pool 
sizing function 360 then comparesrthis data 'from the management system with the 
actual BER, actual GOS, and the actual pool :$ize ; information, that it< receives. A 
suitable algorithm can be provided; within the dynami?: pool; sizing function 360 to 
determine, based:on this information, whether pop] sizing is appropriate. For example, 
if the actual bit"error rate;exceeds the; BER goal provided by , the management system 
370, then the dynamic pool sizing function.36Q may be-ar^:anged to send a pool sizing 
request to the demand assignment engine 380. - v .. ;: o; i . /) . / 1; 

■>\ The demand assignment, engine 380rprov:ides; modem -enable signals over lines 
:400 toeach of ..the modems^con the GT modem: shelf..: If. the'dynamic pool sizing 
rfunction 360 has requested tthat the DA engine 380 ipcrforrnitpool sizing, then the DA 
engine 380 can disable one or more .of the modems, this causing the interference, and 
hence the actual BER, to be /reduced.; Apart from being used) fop interferencerlimiting, 
the * DA engine is. also.'xesponsible, .in preferred: embodimentSi) for providing the 
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encoders 325 with instructions on which set: of overlay codes or how many TDM slots 
: to be used for signals to be transmitted to the STs.20:. ■ " . r/i 

. The dynamic ipool sizing function can* store the BER and GOS information 
received in the storage 365, and periodically may. pass that .data to the management 
system 370 for analysis. Further, if the system is unable to attain the BER or GOS 
goal with the allocated pool size, the dynamic pool sizing ^function can be arranged 
to raise an alarm to the management;system: The receipt Qf :thisr alarm will indicate 
to personnel using the management system that manuahintervention may be required 
to remedy the situation* eg by the provision of more: central terminal hardware to 
support the STs.r: . > ' : ' . . , '. ^ .^ 'ic , 

' The CDMA approach used in preferred embodiments exhibits the property that 
the removal of any of the orthogonal channels (by disabling the modem), will improve 
the resistance :of. the other channels to interference. Hence,. a suitable approach for the 
demand assignment engine 380, upon receipt of pool sizing request from the dynamic 
poob sizing function 360, is to disable, the modem that has the Jeast traffic passing 

•thrOUgh'-it... - • ' - .-;.;,v;-..; v ' V - " . - '.'..V ' 

RF Ctonnel Switching - - - ; - ;:: : . ; ^ . , 

' In preferred embodiments, it has been realised that if an' ST is allowed to 
operate from more than one CT Modem Shelf / RF Channel then the following 
benefits may be realised: ' . ^ ; . ; 

(i) \ ^ Fault tolerance - should' a CT: Modem Shelf sub-system :fault occur, an ST 

may switch to an alterifiativc. frequency for service, 

(ii) ' Call blocking -lan ST denied service from one CT shelf may choose to switch 
. u : to an alternative" ffequencyi for service. ^ > 

(iii) Traffic load balancing T-,. the . Element Manager may on . the. basis, of call 
rblocking statistics ^choose to move. STs. between CT shelves. 

>(iv)*^ ^Freiqucncy diversity - in the presence of channel selective fading (slow 
: : multipath) an ST may operate -on thc:frequcncy.channel offering highest signal 
-r:^ . strength and lowest soft error count: 

RF channel switching is only possible where there are two or more co-located 
CT shelves serving the' same geographical area on different RFjfrequency channels 
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. - r within the same RFband. A deploymcm be configured 

r rr :>^ iO as a -Service Doma^^^ in Figure 18. 

jc. i - i: . Figure 18(i) shows an arrangement ar^e used to provide the entire 

cell with four frequency . channels, veg^.yFli ;;F4i^; 18(ii) shows an 

c / , . 5 :, ^ arringement ^vhere, sectored antennaerare.used to . provide si:?^ separate sectors within 
i i ; : : a celi;^ each sector bein shows an 

alternative arrangement where three sectored ajptennae|.ar,e: ^ to divide the cell in 
to three sectors j each sector beingj covered; b^^ fr<squency channel, and then 

an omni antenna is„ -used to /provide anVunibrella\.coverage for. the entire cell, this 
10 - coverage employing.a frequency channel:differenl to the frequency channels used 
' >^ ' • by the sectored antchna<e:;; i\ . i :> 7 

For the system to work effectively, the STs must be , able to switch channels 
' • ' quickly, and fast channel? switching; necessitates CT , shelf synchronisation be 
'v'Vi-u.> v*.^ provided ^tthe..-f611owing ievelsh-- ; t^-. \ ^. -iy^i-^.. ■ -r, 
- ~ -^TtS ^^-^^ (i) ^ ^ ^ CDMA PN. code.: jlliisrpreserves uplink code phase across RE^ channels during 
'■"^''■^ ■ Y^^rwiarm. start;- rand-; -lu^r-;^ r ; : r^iV-^h 

V (ii) ' RF carrier frequency. This eliminatesjthe, need for^t^^ 

on a downlink: RE channel switch r: / ; >] - ? ^ > v r ; ? 
^ ^ ' - : On installation; an ST willjbe;prograrnme;d w and PN code, 

' - ' '^2G ' these codes specifying :the Sps-iniliahhorn ; ? ^ . ; : 

' ' * :The manner in which channerswitching is^ f^ in preferred embodiments 

' - :;: will be described -With reference to figures , 19A and 19B.^ serv-ice domain controller 
400 is preferably provided to act as an interface between. t^ connected to 

• ^ * the service : domain Gontroller/Over path'405 and a .num^^ of central terminals 10 

' ■ -25 -connected to the, servicer .domain control^^^^ P^^ths 4,10. The central; t^^ 

connected to thelservice domain controller form a 'ser\'ice.domainV.of central terminals 
. .. ^ : that may be used by a subscriber terminal; 20;;fpT ;hand!in 
' ' iW '.t::. In prefen-ed^embodimentsv.the ser^^ 

each ' CT 10 with appropriate information abouf ^the pthe^^^^ the service 

! - ■ - ' 30:^ domain. Each CT can then broadcast a /Serv ice-Qpniaiii^m^^ a list of 

^ ' ^ RF' frequencies and .CF Identifiers, that; form fa;Scr>^icc Domain Jp be used by the STs 
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' for subsequent RF switching funetiohs. The ST then stores this inforniarion for future 
" * reference when establishing a link With one of the CTs. . It: is preferable for each CT 
to broadcast ifie service domain message since an ST may be listening to any of the 
CTs at the time that the niessage Js broadcast. ^ jc ^ r v 

5 ' Each CT database will hold an entry for every ST located :within the Service 

• Domain. Each' database entry deseribes-^^^^ 

■ ''^ST aiicl may Be marked ^as:^^-'^'-' - • - ' - ^ " 

r Qyi\: pririiary service provider - the CT is the STs home channel. -AlLmanagement 

communication with ian ST is via it's home. CT. . ^ i * ■ : 
10 (ii) Sujpplying 'backup ^service - the CT is providing -service to the .ST. 

(iii) Available for backup service - the CT will provide seryjce- to the ST if 
• •• required. '^' ' ^" -- -'^ ''^ •-■•^ Iv .•/r-'^ ^ . . ■ • . > \-. '\ 

- ^-- ^ - - V It should be noted ^hat the ST need tiot' switch to an entirely different CT, but f 

can instead switch to a different CT shelf (and hence different RF frequency channel) 
, . : 1*5 ^ ^ the Mme'CT. H6wever,rin preferred:.embodiments; the ST will typically switch ^ 

to a different CT, since some errors experienced by one CT shelf may also affect other , 
r.-:,: -'shdves" within the s^ CT, and^so for fault Jiolcrance (described; in more detail v ^ 
below), it is preferable for the ST to switch to a separate CT.- 

- ' ' - - "Database consistency across CT shelves is preferablytsupported through the 

20 service domain controller 400.- -Database consistency needs to be real-time so^that an 

- ' - ST ratering^he 'network is- allowed full- immediately (the 
' ' ' 'Service Domain message is broadcast to^ all STs, andso a new, ST: %y ill expect access 

' ' - a<inr6ss the full SeWice Domain). = v*;, \ ;a 

* ' - incoming^ access via babkup CTs' requires some function to be provided to 
' ' broadcast duplicate incoming call- -setuprmessages- to all CTs that form a Service 

r. uvJ lr: Dbniain. ' Preferably this is handled'byahe service .domain controUer 400, which 
forwards incoihing call setup messages to each CT operating in the .service domain. 

- t - • • "All Cfs will allocate •Access::In^Traffib e^ incoming call setup 
f- • V- '^^ message'\'ia "the Call Control f Channel. On ^successful uplink access, one CT will 

" • '30 -respond' to the iservice domain-controller- with a' call accepted, message, the other CTs 
' - ' . will* eventually respond with call setup failed messages. Outgoing access via a backup 
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:CT is similar to normal outgoing^^^^ ■/ ^ r • ; * 

Another job; which ;can : be, performed by the service domain controller is to 
assist the element manager .58 in, reconfiguring equipment in the event of a fault. For 
examfile, if one CTnsitakeri out Qfrcommission Ibecause pf a fault, a different CT can 
be brought 'on-line', and the service domain controller can provide that; new CT with 
the necessary informationvaboutcthe- other ^ GTs in, the; service . domain. 

Figure 1/1 9B illustrates i those /elerneiits of the subscriber .terminal used to 
Impleihent RF channel switching:! The radia subsystem ^ 420, which' incorf>orates the 
transmission and reception signal processing stages;: will ipass any data:received on the 
call control chanheLover: line 425 to the message decoder 430. If : the: decoder 430 
detcrminesrthat the data on the call control- channel forms a service domain message, 
then this is passed over line- 435 to the channel selection controller:440, where the 
information within the service domain mcssage^^ i^ 

o Similarly, :if the; message f.decoder identifies the data as: a 'free list' identifying 
the available traffic channels on a particular RE frequency, then :this>data is passed to 
the call control function 336 land the channel. selection- controller 440 pver path 450. 
The call control function 336 stores the free list in the storage:445 for subsequent use 
by the call control function:336 and the channel selection controller 44p, 

; •:If^the! message: decoder .430 determines that-the data forms an incoming call 
setup message, then that infonnation is supplied over line: 455 to the caircontrol 
function 336 and the channel selection controller 440 .for processing. The incoming 

.^call setup message will typically specify; arTG.omthe current frequency channel which 
should be used to access the: incoming call, .and, the channel selection controller will 
attempt to establish a link on . that TC.: The channel^selection :Controllei; will in such 

'cases instruct the. radio sub-system- 420 over; line 465 .to use the current frequency 
channel to:.establish the required link:. Ifv^ on :the other .hand- the traffic channel 
specified in the call: setup :message is ;'huir, jhe .channel selection controller has the 
option to change RF frequency using the information: stored in storage!445 about the 
other CTs in the service domain. - /ir^ -y. ^ . ^ ^.i /: : ^> ■ 

To enable the channel selection controH,et44Pj.Oi^ the 
status of links, a link operating status signal cambc suppliedjoyer line 470 from the 
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radio sub-system. This signal will give^an indication of the radio link quality, and 
may . be a simple 'OK' or 'failed*: indication, or alternatively may include extra 
i rinformatioh such as :BER values, for the link. This information can be used by the 

chaimel selection controller to determine whether a ^ particular frequency channel 
' " 5 should be used or not; • : " v: ^ '^r^: ;.: • , ■ ■! d , • 

To enable the call control function to spccifyra specific. Access-Out channel 
(. : >for outgoing calls/ a line 460 'is provided between' the .call control function 336 and 
' : the channel, selection- controller 440/. The; c^^^ control function 336' may choose an 

. v access^out-channel from xhc free list in storage 445,. and instruct the channel selection 
10 controller over line 460 to attempt acquisition of that channel. ^ ; 

/ . : -The following examples indicate how the above described, structure may be 
' used to perform channel switching- in: particular circumstances. r - 

RF-Channel Switching for Fault Tolerance . - • .- r ; 

. ■ i . . : : Should one -RF channel suffer complete loss of downlink,, the following process 
i I ' takes place in preferred Embodiments: ^ > ; ; ; l : = ; i ► 
< - I ..: . " . (i) - The-ST will> attempt downlink rev.acquisition for a period' of- time, say 20 
'i^-^K^^':-^'^ : ' -'seconds. ^. . * o ■ .'j • ' u..- ' ' : • • ' . 

(ii) :> :If acquisitibn*fails, ithe channel selciftion controller. 440: of the ST will select 
: ■ ^ ' ' thef next available channel from the Service Domain information in storage^445 
' 20 : / - and attenipt-ddwnlink acquisition: - This* process, will be repeated until a 

- : ' downlink signal is acquired. ' ^: - 

(iii) s ..Once a^backup RF channel is locatcd/ the^ ST will *camp; on the Call Control 
' .r 1 :>:': Channel and mayl subsequently be'granted traffic access. . • 

. : ^ i , - • (iv) ' If the CT fault persistSj. the EM 58 may use the service domain controller 400 
> ^ . * >25: 5 « T * :to reconfigure the'Service Domain so that the functioning CT.shelves,become 
' : : * primary serv'ice providers, for the pool of ^homeless* STs.,* ;. ^ 

-i! i -..^'Sc-iH > . A fault that doeis not result in complete loss of downlink signal will not result 
: r-* : - - in RF channel switching /en mass' - Rather; a fault may rcsult-in excessive or total call 
blocking, as discussed below. » ' 

• . r3Q / 'RF Channel-Switching for' Call .Blocking: u - — . 
' - ' : . • If Incoming access traffic channels* are^bcing blocked, the- following process 
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IS employed preferred embodiments: j; «r - 

(i) - The call setup message sent oyer the Call Control Channel; Avill specify a TC 

on which to access- the call.: . : . : 

(ii) ^^ In the case of incoming access being, blocked, the CT will specify a null TC. 

> : The channel selection controller 440^of the ST will in such cases switch to the 
■ - nbxt ^RF channel fronT^ithe.^Serv'ice^Domain information^ 445 and 

- monitor the Call^^Control Channel: . ; onr 

(iii) If the ST receives a call A setup message with a valid. TQ- then the call is 
processed as normal . . : ; n = 

(iv) When the call clears, the ST downlink preferably switches back to the home 
CT. 

If Outgoing access traffic channels are being blocked, the following process 
is employed in preferred embodiments: 

(i) The ST registers an off-hook. The Free List in storage 445 is checked and if 
a traffic channel is available, then the call control function 336 asserts a 
channel request on line 460 to the channel selection controller 440 and normal 
uplink access is attempted. 

(ii) If the Free List shows no Access_Out channels are available on the current 
frequency channel, then the channel selection controller will be used to switch 
the ST to the next RF channel in the Service Domain, whereupon the ST will 
wait for the next Free List. 

(iii) When the ST finds a Free List with an available Access_Out channel, then 
uplink access is attempted and the call is processed as normal. 

(iv) When the call clears, the ST downlink preferably switches back to the home 
CT. 

RF Channel Switchi ng for Traffic Load Balancing 

Traffic load balancing is, in preferred embodiments, provided by static 
configuration via the EM 58. Call blocking and setup time statistics may be 
forwarded to the EM where an operator may decide to move an ST to another RF 
channel. 

RF Channel Switchin g for Frequency Diversity 
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Frcqucr.cx dr.crsiiy is, in"/prefcrred '.embodiments, -provided by static 
. ^ configuration viu t^Sc I \i 5S. Radio link.statistics may be forwarded to the EM where 
an operator m^s tlc uk to move an ST to another RF: channel. 
' ' AlthouGh a p^rruular erribodiment has been described, herein; it will be 

5 appreciated tha: tiw ir cm ion is not limited thereto, arid that many modifications and 
additions thctc:* ' in-.r^ t< rniidc within the scope: of thc' invention, For example, various 
combinations <»r t*^ tr i urcs of the following. "dependent claims could be made with 
the features of rr c i^x^';<rr .icn^claimS: without departing fromithe scope of the present 
invention '^-^ ^ ' > , 
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1. A transmission controller for processing data items to be transmitted over a 
wireless link connecting a central terminal and a subscriber terminal of a wireless 
telccomrhiinications system, a ' single frequencyc channel being- employed for 
transmitting "dita items pe^ tora plurality of wireless linkSy the transmission 

controller'<i6mprisirig:*:>'^-*^i''^'.' l^-o. ic:^ yy:C ':- c-i: r^r-r-r - y-r ..^a^:v 

an Orthogonal code generator for ^provid an; orthogonal; code .from; a set of 'm' 
orthogbhal codes' used - to create 'rhV orthogonal xhannels: within the single frequency 

■ 'chaiitief;''^"'''' ' -j-^:^'- 

a first encoder for combining a data item to be transmitted on the single frequency 
channel with said orthogonal cod'e from ^ orthogonal code generator, the orthogonal 
-code detentiiningi the Orthogonal channel ^ovcrv which, the data; iten?, Js transmitted, 
whereby data items pertaining to different wireless links, may. iJte transmitted 
simultaneously within different orthogonal channels of said single frequency channel; 

"an overlay code gciiefator for providing- an: overlay code from a first set. of *n* overlay 
xodes which are orthogonal to each: other;; and - ; ^ - , > ; ^ ^ ^ 

a second encoder arranged to apply the overlay code from the overlay code generator 
to said data item, whereby 'n" data items pertaining to different, wireless links may be 
transifnitted siiitiultaneously within thevsame orthogonal: channel.! v . , . ;- 

' 2. A kceptioh comtollcr for processing, data items received over a wireless link 
connecting-* a- ^ Central tefiriinal - arid -a subscriber terminal -of a wireless 
telecommunications system, a single frequency channel being employed for 
transmitting data items- pertaining to "a plurality ;of .wireless links, the receiver 
controller corriprising: ^'^r-' ■ ^--v 
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an orthogonal code generator for providing an orthogonal code from a set of *m' 
orthogonal codes used to create 'm' orthogonal channels within the single frequency 
* channel; ' y. '.'i ..--'v./.,. . . ^ 

5 a first-decoder for applying^ to signals received^pn the single frequency channel, the 
orthogonal code provided by the orthogonal . code gcnei;ator, in- order to isolate data 
items transmitted within the corresponding orthogonal channel;. 

an overlay code generator for providing an. overlay code from a first set.of 'n' overlay 
10 ' codes' which are orthogonal to each other,- the set of 'n; overlay .codes enabling 'n* data 
items pertaining to different wireless links to be transmitted simultaneously within the 
same orthogonal channel; and 

v--'-' • ^ * w ^ . •. r:.r..;. ' . ' 

w J a second decoder for applying, to the data iterns of the orthogonal channel, the overlay 
V. 3\.;'r • ;i^5 , from the overlay code generator so as to isolate a particular data item transmitted 

V. ... i .;^ iisiilg that overlay code. i :ul-r^:.: ; ; . - : .\i 

3. A controller as claimed in Claim 1 or Claim 2, wherein the overlay code 
. ^ generator is arranged to: provide overlay codes from one or more further sets of 

20 overlay codes having different numbers of overlay codes to said first set of overlay 
codes. 



4. • ' A controller as claimed in, any. of claims-l,<to 3, wherein the. orthogonal code 
generator is^a storage arranged to. store: the set. of orthogonal codes. , . 

25 

.;:>; : V, 5;- • A'controUer as claimed- in any preceding claim,; wherein the overlay code 
^ generator' is a storage arranged; ;to store, the set of overlay codes. . . 



6:' ■ A controller as claimed in any preceding claim, wherein .the set of orthogonal 
30 codes comprise a set of Rademacher-Walsh (RW) codes. ^ . , 
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'^7. - A coritroUcf as claimed in Gla set of overlay codes arc 

' ' ■^''^ derived fr6rn RV\ *CiKics'.' c^ Codc^ comprising ah h x n matrix of 

-..X-.- RW-icodes. - •■ :::v.:: y\.1i ^-•r.•. 

5 8. A central icr ir.ai of a wireless telecommunications system, comprising a 
. transntiSsipn^ cVt^ !n ir:^ av ^lainied in odriy preceding claim.- 

' 9. A ccr : ^ »f -ui! as Jelaimcd^in Glaim^ &^ orthogonal 
channels is rrs<" r * f ihc transmission of signals relating to^thc acquisition of 
10 wireless Iin*.^ ^rv: • »< vansmission controller is provided in the central terminal to 
r - : r::^^ enable bvcrrii^ ^« iir-^^^ -"^-jppliedUo data items t<> be sent within^said first orthogonal 
- v^- channel frorr t ? - . r> m i^. ictrhirtal to One df said subscriber temiifials^^ 

10. A crnfrj tc-r- -uiJ claimed in Claim 8 or Claim 9, wherein a second of the 
IS ; orthcfgona! cra n^i * • rr WrN^cd for'the transw^ of signsils-relating to the control 
of calls. anJ ' : : * ;>n cd^^^ to enable 

ovcrla\ cixk- • f< xJ lo data items to be sent within said second orthogonal 
■ J vchanrtcl' trbf- rv^ : :v>:\a . tf rniinal 4o:6n<i of said subscriber tenriinals. ^ 

"20 11. - A ccn-M 'i-^^ r^i^av claimed iri any of claims 8 to IQ, wherein a nuiftber of 
said onhocv : i^.- js^jrc designated as traffic channels for the transmission of data 
items rclaiir.i u . -^-nu-jc^iion content, said central terminal further comprising: 

' a TDM-cncixiirr Aruryc J to apply time division multiplexing (TDM) techniques to 
^ 25/ data itcmv ti> t<' vcr/ ov'cri a traffic xhannel^from . said ^ central vterminal^ said 
" ^ Subscriber^ tern-, thai V items pertaining to different 

wireless hnks to be sent within one orthogonal traffic channel during a predetermined 

.:-:"-*/^'franicr period -''--^ i'C.::^.: ^, ; f /-".-^.^i *::.r'-i ..J 

30* : 12. ^ A cchtrar terminal of a wireless telecommunications system, comt)rising a 
' receplioncbntfollct as clarmed-in'arv5'; of claims 2 id 7^ - r i - 
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13, ' . A central terminal as clairned.in any, of claims; 8 ao- 12, further/comprising 
channelisatioameans/for determining. which of the onhogonal .channels will be subject 
to overlay codes, and for transmitting that information to a plurality, of subscriber 
terminals within the wireless telecommunications system. 

14. A central; ;;teriTiinal' as claimed, in Clairn 13 when dependent on Claim 2, 
wherein the channelisation means also determines, for those orthogonal channels 
subject; to overlay; codes, i\yhich, set, of codes will apply to each orthogonal 

r channel. : ''i-NL.. ; k ^x:- t. '.' ^ r 

10-.; . : . ...s , ] , ^ ^- V- , ■ - r 

, : , 15: . : A subscriber terminal of a wirelcss^.telccommunications system, comprising a 
traiismission controller as claimed in any of claims 1 or 3 to 7 to enable overlay codes 
to be applied to data items sent from the subscriber terminals to the central terminal. 

^ ^ ^ ■ r:\- 1 . ■ • • ■ A ^" -'i 

jl5. ; fl6y ; A subscriber terminal of va wireless telecommunications system, .coniprising a u/ii^ 
- : rjcception cQntroUer a$- claimed in any of, clai 2 to 7. , - 

17,,:,, . A . wireless , telecommunications system comprising a central tjcrminal and a 
plurality of subscriber terminals, wherein the central terminal comprises a transmission , 
20., controller as; claimed, in any of claims l.or.3 to .7, and at least, one of the subscriber - . 
r te;rminal comprises, :a reception controller as, claimed in any of claims/2 to 7. 

18. A wireless telecommunications system comprising a central terminal and a 
plurality of , subscriber terminals^: wherein, at. Least one of the. subscriber terminals 

25,. . comprises. :a transmission controller as claimed in any of claims , 1 or 3 to 7, and the 
c; central terminal comprises a, reception coatroller as claimed in any, of claims 2 to 7. 

19. A method of processing data items to be transmitted qyeri a .wireless link 
connecting a central terminal and a subscriber terminal of a wireless 

.3Q;. : telccomniunicatiohs : system, . a single frequency channel being employed for 
transmitting data items . pertaining, to a plurality of wireless- links, the method 
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edmprisirig'lhc-^stcps-of:'- fl:.i:.':.^.M\^i) .7 = :; ' ^ci^n..: ; ■'. * :.v.-^.' 

providing an orthogonal code from a set of 'm' orthogonal codes used to create *ni* 
■ ' ^ Orthogonal channels Mthin ' the 'Single; .fr^^ : ^ 

combining a data item to be transmitted on the single frequency channel with said 
orthogonal code, the orthogonal code determining Jheaprthpg^^^ over which 

' the dataltem is traliisinitted,: whereby data jtemsapertam links 
may be transmitted simultaneously within different Orthogonal channels pf said single 
10 frequency channel; 

^ providing an^ overlay code from a first set of Jn^ overlay codeSf which arc orthogonal 
^ 'to each other;, and ^ '-.u r. y. ./r.:- -ry^fs^ ■ w-'-^y on.. 

15 applying the overlay code to said data item, whereby 'n* data items pertaining to 
- differeiit wireless links.may be transmitted simultaneously;^^ orthogonal 
"--channel. t :y :i:i'j'r'r\vc "\ /:-'^"'..;.\/r: '-ui 

20. A method of processing data items received over a wireless link, connecting a 
20 central terminal and a subscriber terminal of a wireless telecommunications-system, 
a -single frequency channel being employed for transmitting data items pertaining to 
a plurality of wireless links- the method comprising the steps of; _ ^ V ; 

■ * providing an orthogonal code from :a. set of:'m* :OrthGgonaL codes used to create 'm' 
25 orthogonal channels within; the single frequency channel; j i rrrr^,*:- y ::; 

' > aLpplying;'to signals' received iOn the, single frequency channel, the orthogonal code in 
order to isolate-datia items transmitted within the corresponding orth^^ channel; 



30 providing an overlay code from a first set ofrln*, overlay , codes . whicb^are orthogonal 
to each other, the set of overlay codes enablingjn* data it^ms pertaining to different 
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wireless links to be transmitted simultaneously within the same, orthogonal channel; 
and 

applying, to the data it^ms'of the drthogona^chanhcl, the overlay code sp, as to isolate 
5 a particular data item transmitted using that overlay code. 

21f A method as claimed in Claim 19 or Glaim^ 20,. further comprising the step of 
providing' ohe or more further sets of overlay codes having, different numbers of 
overlay codes to said first set of overlay codes., i: ^ *^ . . 

10 - : . 

22. A method as claimed in any of claims 19 to 21, further comprising the steps 
of determining which of the "orthogonal channels will be subject to overlay codes, and 
transmitting that information to a plurality of subscriber terminals-within the wireless 

telecommunications system. 

-is:- -. ::: .-h ■ ' - ■ .1 r [ :.: > • V;..- 

' ^ 23/ A rijethod^as claimed in Claim :22i when; dependent on Claim .2J, wherein the 
method further comprises the step of determining, for those orthogonal channels 
subject to overlay codes, which set of overlay codes will apply to each orthogonal 
' channel; ' * • • ■'• •-■ - , \ ' r.-i ;., - : ^ 

.24\ A transmission controller as claimed in Claim l,.substantially as hereinbefore 
described with refisrence to the accompanying drawings^ 

• ■ 25: A reception Gdhtrolkr as- claimed in Claim 2, substantially as hereinbefore 
25 described with reference, to^rhe 'accompanying' drawings., • > - . . 

- -^*-v.26; A central ferminar as claimed in Claim 8, substantjally as hereinbefore 
- "i descnbed with- reference to th^^^^ i ' ^ 

30 • 27.' 'A subscriber termihaP as claimed in Claim 15, substantially .as hereinbefore 
'described with reference to the accompanying drawings.' ; ' • 



28. r A central terminal as claimed in Claim .12, substantially^ as .hereinbefore 
>tdescribed with ^reference:, to the accompanying drawings. /ti:: i-. : "■ - <. 

29. A subscriber terminal as claimed in Claim 16, substanrially as hereinbefore 
described with reference to the accompanying drawings;' ^ ' - ^ > 

30. A-wireless telecommunications system comprising* at least one transmission 
controller as claimed in Claim 1 and at least one reception controller as claimed in 
Claim 2, substantially as hereinbefore described with reference to the accompanying 

' drawings. ' " ^ " ' V.' "\\ ' m'^-'V " 

31. - ' A method of processing data items to be transmitted over a wireless link 
connecting a central terminal and; a. r subscriber terminal of|.. a , -^yirele^ 
telecomriiuriicatioris system'^ as claimed in 'Ciaim 19, siibstaritially,^ as .hcsra 
described with reference to the accompanying drawings. 

32. A method of processing data items received over a wireless link connecting a 
central terminal and a subscriber terminal of a wireless telecbmmunications system as 
claimed in Claim 20, substantially as, hereinbefore described; with reference to the 
accompanying drawings. ; ■ 
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